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SEMICONDUCTOR MEMORY DEVICE WITH REDUCED DATA ACCESS TIME 
Field of the Invention 

5 

The present invention relates to a. semiconductor memory 
device; and, more particularly, to the semiconductor memory 
device capable of providing a reduced data access time. 

10 Description of Related Art 

Generally, a semiconductor memory device is classified as 
a random access memory (RAM) and a read only memory (ROM). 

The RAM includes a Dynamic RAM (DRAM) and a Static RAM 

15 (SRAM). One cell of the dynamic RAM has one transistor and 
one capacitor and that of the static RAM does four transistors 
and two load resistances- The' dram is used more widespread 
than the SRAM because the DRAM is more efficient than SRAM in 
a ohip integration and a manufacturing process, 

20 Today , an operation .speed of a central processing unit 

(CPU) is more dramatically advanced than that of the DRAM. As* 
a result/' many problems may arise because the operation speed 
of the memory device is slower than that of CPU . For 
overcoming these problems, several kinds of scheme in the 

25 memory device have been developed for a high speed data 
transmission. 

Fig. 1 is a block diagram showing a conventional memory 
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device . 

As shown, the memory device is provided with an 
instruction controller 200, more than one banks 100 , and a 
data input-output buffer 300. The instruction controller 200 
5 controls the bank 100 in various operation modes, e.g., read, 
write and refresh execution mode, in response to a plurality 
of the instructions /RAS, /CAS/ /WE, /CS, CKE, CK and the like, 
inputted from an external part (not shown) . The bank 100 has 
a number of segments 120A to 120H, each segment includes a row 
10 address decoder 121 and a column address decoder 122 so that 
data stored in a unit cell block read out in response to an 
inputted address or an inputted data is written in the* unit 
cell block of the segment 12 OA. The data input-output buffer 
300 serves to buffering the inputted or the outputted 'data for 
15 the unit cell block of the bank 100. 

Typically, the memory device has, e.g., four banks. 
However, Fig. 1 describes only one bank 100 in detail, because 
each of the banks has the same structure. Although, for the 
sake of convenience, elements of the conventional memory 
20 device are simplified in Fig. 1, another element may be 
contained in the conventional memory device. 

•One bank has input/output (I/O) sense amplifier blocks 
110A and HOB for amplifying sensed data outputted from, e.g., 
eight segments 120A to 120D and 120E to 120H to provide the 
25 amplified data to the data , input/output ( I/O ) buffer 300. 
Bach segment is constituted of several unit cell blocks. 
Furthermore, the I/O sense amplifier blocks 110A and HOB 
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supplies the data inputted from the data input/output (l/O) 
buffer 300 to the first to eighth segments 120A to 120H. 

The first segment 120A includes the row address decoder 
121, the column address decoder 122 and a cell area 120A_1. 
5 The row address decoder 121 decodes a row address to output 
the decoded row address to the cell area 120A_1. The column _ 
address decoder 122 decodes a column address to output the 
decoded column address to the cell area 120A_1. 

The cell area 120AJL is constituted of a plurality of 
10 unit cell blocks, each having a number of unit cells. one 
unit cell block 124A is coupled to a pair of the bit line 
sense amplifier block, e.g., 123A and 123B, for sensing and 
amplifying the data outputted from the unit cell block, e.g., 
124A. 

15 For example, the 256 Mb memory device includes typically, 

four 64 Mb banks. In this ease, a size of the segment is 8 Mb 
because each bank 100 includes eight segments 120A to 120H. 
Each segment, e.g., 120A has eight unit cell blocks 124A to 
124H and each unit cell block, e.g., 124A has 256 word lines 

20 and 4 Kb(4xl024) bit lines. Thus, each unit cell block, e.g., 
124A has 256x4Kb unit cells. Hereinafter, it is assumed that 
the size of the segment is 8 Mb and each unit cell block, has 

256 word lines. 

As mentioned, if each unit cell blbck, e.g., 124A is 
25 coupled to two sense amplifier blocks, e.g., 123A and 123B, it 
is needed that the segment 120A having eight unit cell blocks 
124A to 12 4H should have sixteen bit line sense amplifier 
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blocks . However, the segment 120A of the conventional memory^ 
device is implemented by using nine bit line sense amplifier 
blocks 123A to 1231. Each bit line sense amplifier, block, 
e.g./ 123B is commonly connected to the two neighboring unit 
5 cell blocks, e.g., 124A and '124B, Namely, two neighboring 
unit cell blocks, e.g., 124A and 124B commonly hold one bit 
line sense amplifier block, e.g., 123B for efficiency of chip 
integration. In this case, the bit line sense amplifier block, 
e.g., 123B may be selectively coupled to the unit cell blocks 
10 124A and 124B under control of . the instruction controller 200. 

Fig. 2 is a schematic circuit diagram demonstrating a bit 
line sense amplifier block and a unit cell block shown in Fig._ 
1. That is, the partial structure of two unit cell blocks 
124A and 124B and the bit line sense amplifier block 123*B is 
15 described. 

As shown, the first unit" cell block 124A has 256 x 4 Kb 
unit cells, each having one MOS transistor and one capacitor, 
wherein a word line is coupled to the gate of the MOS 
transistor and each of bit lines BL and /BL is coupled to the 

20 drain of the MOS transistor. The source of the MOS transistor 
is coupled to one electrode of the capacitor and the. other 
electrode o£ the capacitor is coupled to a cell plate supplier, 
e.g., a ground voltage. For the sake of convenience, , since^ 
the structure of the second unit cell block 12 4B is identical 

25 to first unit cell blocks 12 4A, the structure of the second 
unit cell block 124B is not described in detail. 

The bit line sense amplifier block 12 3B is provided with 
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a bit line sense amplifier 123B_4, a precharge block 123B_3, 
an equalization block 123B_2, a data output block 123B_5 and" 
first and second bit line sense amplifier connection units 
123B_1 and 123B_6 - 
5 The bit line sense amplifier 123B_4 is enabled by bit 

line sense amplifier enable signals RTO and /S for amplifying 
the difference between two voltage levels supplied to the bit 
line pair BLO and /BLO as a sensed data. The precharge , block 
12'3B_3 precharges the bit line pair BLO and /BLO up to a bit 
10 line precharge voltage Vblp in response to a precharge enable 
signal BLEQ'. .The precharge enable signal BLEQ ' is enabled if 
the bit line sense amplifier 123B_4 is disabled- The 
equalization block 123B_2 is enabled by an equalization signal* 
BLEQ so as to equalize voltage levels appearing on the bit 
15 line pair BLO and BLl connected to the first cell unit block 
124&. The data output block 123B_5 outputs the data sensed 
and amplified by the bit line senses amplifier 123B_4 to a 
data line pair ^DBO and /DBO by a column control signal , e.g., 
CDO, generated by using a column address. If the first 
20 connection unit 123B_1 is enabled by a first sense amplifier 
connection signal BISH, the bit line sense amplifier 123B_4 is 
connected to the first unit cell block 124A. Otherwise, if 
the second sense bit line sense amplifier connection unit 
123B_6 is enabled by a second connection signal BISL, the bit 
25 line sense amplifier 123B_4 is connected to the second unit 
cell block 124B. , , 

Herein, the first unit cell block 124A is provided with a 
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plurality of unit cells coupled to N number of bit line pairs , 
e.g., BLO and /BLO, BLN-1 and /BLN-1, and M number of word^ 
lines e.g., WLO, WLM-i- Namely, a size of the first unit 
cell block is NXM bits. Herein, M and N are positive integers - 
5 Since the first unit cell block 124A is coupled to the first 
and second bit line sense amplifier blocks 12 3A and 123B, the 
number of the sense amplifiers included in each bit line sense 
amplifier block 123A or 123B is N/2. So, in the first unit 
cell block 124A, some of the data coupled to some bit line 
10 pairs, e.g., BLl'and /BL1 , BLN-1 and /BLN-1, in response to 
an instruction is outputted to the first bit line . sense 
amplifier block 123A; and others coupled to other bit line 
pairs, e.g., BLO and /BLO, BL2 and /bl2, is outputted to 
the second bit line sense amplifier block «123B. 
15 Moreover, the second bit line sense amplifier block 123B 

is selectively connected to one of the first and second unit 
cell blocks 124A and 124B in response to the first and second 
sense amplifier connection signals BISH and BISL. 

Figs. 3 and 4 are timing diagrams describing operation of 
20 the conventional memory device described in Figs . 1 and 2 . 

Hereinafter, referring Figs. 1 to 4, the operation of the 
conventional memory device is described in detailed. 

First, when an address is inputted to the memory device, 
the inputted address is classified into a bank address, .a row 
25 address and a column address. Furthermore, the row address is 
split into a cell block address and a local address. The bank 
address is used for selecting one among four banks. One 
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segment and one unit cell block in the selected bank are 
selected by the cell block address. The local address is used 
for selecting one word - line in the selected unit cell block,, 
and the column address is used for selecting one unit ceil in 
5 ' 4 Kb unit cells selected by the word line- 

Continuously, it is described the operation of the memory 
device in a read mode . 

First of all,, one bank, e.g., 100/ is selected by a bank 
address in response to a read instruction RDO, Herein, a row 
10 address is then inputted to a row address decoder 121,. 
included in each segment of the selected bank 100. 

* Then, the row address decoder 121 decodes the celi block 
address and the local address' included in the inputted row 
address and one unit ceil block 12 4A in a selected segment. 
15 120A of the bank 100 is selected by using the cell block 
address and the local address. 

Next, a word line, e.g., WLO, of 256 word lines in the 
first unit cell block 124A, is activated by the local address 
outputted from the row address decoder 121 when the bit line 
20 pairs BL0 and /BL0/ BLN-1 and /BLN-1 included in the first 

unit cell block is typically precharged with a half of a 
supply voltage by the precharge blocks 123A_3 and 123B_3 shown 
in Pig. 2. 

After that, each bit of 4 Kb data stored in unit cells 
25 connected to the activated word lirie WLO is individually, 
supplied to each of bit line pairs BL0 arid /BL0 , BLN-1 and 

/BLN-1- At this time, if the first sense amplifier connection 
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ei'gnal BISH shown in Fig. 2 is enabled and the second sense 
amplifier connection signal BISL is disabled, the bit line 
sense amplifier blocks 123A and 123B are connected to the 
selected first unit cell block 12AA. 
5 Next, the bit line sense amplifiers 12 3A_4 and 12 3B_4 

senses and amplifies the data supplied at the bit line pairs 
BLO and /BLO, BLN-1 and /BLN-l. 

That is, the bit line sense amplifier 123B senses and 
amplifies data supplied to some bit line pairs BLO and /BLO, 
10 BL2 and /BL2, BLN-2 and /BLN-2 . Simultaneously, the bit 

line sense amplifier 123B senses and amplifies data supplied 
to other bit line pairs BLl and /bli, BL3 and /BL3, BLW-1 
and /BLN-1. Of course, the bit line sense amplifier block 
123B allocated between two unit cell blocks 124A and 124B is 
15 selectively connected to the two neighboring unit cell blocks 
124A and 124B at a preferred timing scheme determined by the 
instructions /RAS , ./CAS, /WE, /CS, CKE, and CK etc, for 
obtaining a high integration and a high operation speed of the 
memory device. 

20 And then^ the column address decoder 12 2 decodes the 

inputted column address in response to the. read instruction 
RDO to output the column select signal, e.g., CDO , CDl, CD2, .... 
The 4 Kb data is amplified by the bit line sense amplifier 
blocks 12 3A and 123B; and the selected data by the column 

25 select signal is outputted to the I/O sense amplifier block 
110A shown in Fig. 1 through the use of the data line pair DB 
and /DB. 
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The I/O sense amplifier block, e.g., 110A, amplifies the 
selected data signal for compensating a loss occurred in a 
relatively long data line pair DB and /db and outputs the 
amplified data signal to the data I/O buffer, 300 . The data- 
5 input-output buffer 300 temporarily stores and outputs the 
amplified data outputted from each bank to an external part 
(nor shown) at predetermined data output timing scheme. 

in the meanwhile, selected 4 Kb data latched after sensed 
and amplified by the bit line sense amplifier blocks 12 3A and 
10 123B should be restored in selected 4 Kb unit cells connected 
to the word line WL0 activated by the read instruction RDO. 

in the conventional memory device, a capacitance of the 
capacitor included in the unit cell is a few femto-farad and 
charge amount stored in the capacitor is very small. As a 
15 result, after the charge stored in the capacitor of the cell- 
unit is discharged to the bit line as sensed data, the sense 
data is amplified by the sense amplifier and should be 
restored in the capacitor. Typically, the capacitor can be 
recharged over 90 percentages of a charging capability of the 
20 capacitor by using the above restoration operation. 

Furthermore, since a small amount of charges stored in 
the capacitor may be. lost with lapse of time, the memory 
device needs a refresh operation for periodically recharging 
the capacitor. Therefore, it is necessary that the memory 
25 device spends an additional time for the refresh or the data 
restoration operation in order to prohibit the data loss in< 
the capacitor. 



-9- 



27. OCT. 2003 19:17 



NO. 960 P. 17 



Fig. 3 is a timing diagram shoving the operation of 
continuously and sequentially accessing at least two data in 
one bank of the memory device shown in Fig. 1. Hereinafter, 
the operation of continuously and sequentially retrieving at 
5 least two data in one bank is referred as a intra bank data 
access. 

As shown, if the first read instruction RDO is inputted 
to the memory device, the inputted row address is divided into 
the cell block address and the local address at a first timing 

10 period to . Herein, the cell block address and local address 
are individually used for selecting one unit cell block and 
one word line, e.g., the first unit cell block 124A and the 
word line WLO . Then, at the first timing period tO, 4 Kb data 
stored in unit cells are sensed and amplified in response to 

15 the activated word line WLO by the bit line sense amplifier 
blocks 123A and 123B connected to the first unit cell block 
124A. 

Next, in a second timing period tl , a selected data DO of 
the amplified 4 Kb data is • selected and ©utputted by the 

20 column select signal CDO generated from the inputted column 
address and, at the same time, the amplified 4 Kb data are 
restored in the original unit cells coupled to the activated- 
word line WLO. AS above described, one read operation is 
completed during two timing periods to and tl. 

25 Likewise, after the two timing periods to and tl, if a 

second read instruction RD1 is inputted, the second read 
operation by the second read instruction RD1 is then executed 
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during two timing periods t2 and t3 . 

The normal row cycle time shown in Fig. 3 is defined as a 
time period since a word line is activated in response to a 
current row address or an instruction until a next word line 
5 is activated by a next row address or a next instruction'. 

Hereinafter, in detail, operation of' a data writing mode 
is described. 

Like the data reading mode, the writing operation also 
includes the step that 4 Kb data are sensed and amplified by 
10 the bit line sense amplifier blocks after a selected word line 
is activated. 

In a first timing period to, one word line is activated 
by the row address; and, then, 4 Kb data in response to the 
activated word line are sensed and amplified by the bit line ' 
IS sense amplifiers blocks, e.g., 123A and 123B. 

In a second timing period tl, data inputted from external- 
part is latched in a bit line sense amplifier selected in 
response to a column select signal, e.g., CDO. Herein, the 
column select signal CDO used for storing the new data is 
20 decoded from the column address. Then, 4 Kb data are stored, 
in unit cells selected by the activated word line. Herein, it 
may be unnecessary to sense and amplify the inputted data 
which is latched in the bit line sense amplifier because 
voltage level of the inputted data are enough high to be 
25 sensed and stored. As above described, the writing operation 
is also carried out during the two timing periods to and tl. 

As mentioned above, the m mory device having a capacitor- 
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15 



which is served as a storage element needs two timing periods 
for completing one data reading r writing operation. First, 
a data stored in the unit cells is sensed and amplified,, or an 
inputted data is sensed at the first timing period tO . second, 
the amplified data is outputted to external part, or the 
inputted data' from external part is stored in each unit cell 
at the second timing period. 

in a high integrated memory device, the quantity of 
stored charge stored as a data signal is relatively small 
because the siae of the capacitor is very small. As a result, 
if the charge stored in the capacitor is not amplified , 
periodically, the charge stored in the capacitor may be lost 
to thereby allow the stored data to be corrupted. Namely, the 
refresh operation including the data restoration operation 
should be periodically carried out for preserving the data of 
the unit cell after the reading or writing operation as^ 
described. 

In the conventional memory device, after the data are 
accessed by one instruction, the next data can not be accessed 
immediately, since the initially accessed data should be 
restored to the original unit cells. 

On the other hand, the conventional memory device employs 
a bank interleaving mode for reducing the data restoration 
time in a inter bank data access, i.e., to thereby improve the 
25 operation speed of the memory device. The inter bank data 
access means that at least two data stored in different banks 
are continuously and sequentially accesses. 



20 
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in the bank interleaving mode, the conventional memory 
device may continuously output data- to the external part in 
response to the inputted instructions, without any additional 
data access time for a restoration operation. Namely, the 
5 next data may be accessed and outputted from the neighboring 
bank, during the current data is restored in the original bank. 

Fig, 4 is a timing diagram describing a bank interleaving 
mode of the conventional memory device shown Fig. 1. 

As shown, in the bank interleaving mode of the memory 
10 device, a first word line of a first bank, e.g., WLO of BO, is 
activated by a first read instruction RDO at a first timing 
period tO and a first data DO in response to the first 
activated word line WLQ is outputted and restored at a second 
timing period tl- Simultaneously, at the second timing period 
15 tl, a next read instruction RDl is continuously inputted in a 
second bank Bl. And r a second word line of the second bank, 
e.g., WLO of Bl, is activated; and a second data di in 
response to the second activated word line WLO is outputted at 
the second timing period tl. Thus, in the bank interleaving 
20 mode, the first to third data DO, Dl and D2 are continuously 
outputted in response to the continuously first to third read 
instructions RDO, RDl and RD2 . 

As describe above, if the data outputted from the 
neighboring bank are sensed and amplified by the next inputted 
25 instruction in neighboring bank while the present data are 
restored in the current bank, the data access time may be 
reduced. 
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However, as mentioned above, it is difficult to apply the 
bank interleaving mode' in the intra bank data access of the 
conventional memory device and, to obtain higher data access 
time in the convention memory device. That is, in the intra 
5 bank data access of the convention memory device, the 
conventional memory device should receive the next instruction 
after the current data outputted in response to the present- 
instruction are restored in the original unit cell. 

Therefore, even though the conventional memory device may 
10 use the bank interleaving mode, the data access speed in the 
memory device is greatly depend on a data' access pattern, i.e., 
the inter bank data access or the intra bank data access. 

If a system uses the conventional memory device whose 
data access speed is seriously affected by the data access 
15 pattern, there may be occurred some critical problems about 
the operation reliability of the system because the operation 
speed of the system may not be stable. 

Therefore, it is necessary to develop a memory device- 
which can access the data on high speed less sensitive to the 
20 data access pattern . 

Summary of the Invention 

It is, therefore, an object of the present invention to 
25 provide a method and an apparatus of a memory device for 
accessing data on high speed so that the data restoration time 
does not affect seriously the data access time, 
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In addition, there is provided a method and a apparatus 
of the memory device for high speed data access unrelated a _ 
data access pattern by using inter or intra cell block 
interleaving mode which can make the memory device operate on 
high speed without reduction of data access time when at least 
two data accesses are sequentially occurred in the same bank. 

In accordance with an aspect of the present invention, 
there is provided a memory device including at least two cell 
blocks connected to a global bit line for outputting data in 
response to an instruction; at least one global bit line 
connection unit for selectively connecting the global bit line 
to each cell block under control of a control block, one 
global bit line connection unit being allocated between the 
two cell blocks; and" said control block for controlling output 
of data stored in each cell block to the global bit line and 
restoration of the outputted data of the global bit line to 
the original cell block or another cell block which is 
determined by depending upon whether data in response to a 
next instruction is outputted from the original cell block or 

20 another cell block. 

in accordance with another aspect of the present 
invention, there is provided a memory device including a 
plurality of unit cell blocks, each having a plurality of unit 
cells, a first local bit line sense amplifier block for 
sensing and amplifying data from a unit cell, and a second 
local bit line sense amplifier block for sensing and 
amplifying data from another cell unit; a first global bit 



15 



25 



15 



.OCT. 2003 19=20 N0.9S1 P.l 



10 



line sense amplifier block for latching data sensed and 
amplified from the first local bit line sense amplifier block; 
a second global bit line sense amplifier block fox latching 
data sensed and amplified from the second local bit line sense 
amplifier block; a first global bit line connection unit, in 
response to a first control signal, for selectively connecting 
either the second local bit' line sense amplifier block of a 
first unit cell block to the second global bit line ■ sense- 
amplifier block or the first ' local bit line sense amplifier 
block of a second unit cell block to the first global bit line 
sense amplifier block; a second global bit line connection 
unit, in response to a second control signal, for selectively 
connecting either the second local bit line sense amplifier 
block of a third unit cell block to the second global bit line 
sense amplifier block or the first local bit line sense 
amplifier block of a forth unit cell block to the first global 
bit line sense amplifier block; and a control unit for 
generating the control signals to thereby control a storing 
operation of the data latched in the first and the second- 
20 global bit line sense amplifier block. 

in accordance with another aspect of the present 
invention, there is provided a memory device including a 

1 

plurality of first unit cell blocks, each having a plurality 
of unit cells, a first local bit line sense amplifier block 
for sensing and amplifying data from a unit, and a second 
local bit line sense amplifier block for sensing and 
amplifying data from another unit cell; a first global bit 
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line sense amplifier block - for latching data sensed and 
amplified by the first local bit line sens© amplifier block; a 
second global bit line sense amplifier block for latching data 
sensed and amplified by the second local bit line sense 

5 amplifier block? and a control unit for controlling a 
restoration execution of data latched in the first and the 
second global bit lines. 

In accordance with another aspect of the present 
invention , there is provided a memory , device including a 

10 plurality of unit cell blocks, each including a local bit line 
sense amplifier block for sensing and amplifying data stored 
in a plurality of unit cells «and having the plurality o£ th 
unit cells? a global bit line sense amplifier block for 
latching data sensed and amplified by the plurality of the 

15 local bit line sense amplifier block; and a control unit for 
controlling the use of the latched data in a restoration 
execution . 

in accordance with another aspect of the present 
invention, there is provided a memory device including a cell 

20 area including N+l number of unit cell blocks, each having M 
number of word lines- for responding to inputted row address; 
and a control unit for controlling the cell area to thereby 
restoring data accessed in a • first unit cell block selected 
out of the N+l ' number of the unit cell blocks either in the 

25 first unit cell block or 'in a second unit cell block. 

In accordance with another aspect of the present 
invention, ther is provided a memory device including a cell 
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area having N+l number of unit cell blocks, each including M 
number of word lines for responding • to an inputted row 
address? a predetermined cell block table for storing 
information wherein at least- more than one word line among the 
5 (N+1)xm number of the word lines is assigned as a 
predetermined restorable word line by using the information; a 
tag block for sensing an input logical cell block address for 
designating a unit cell block to be accessed to converting the 
input logical cell block address into a physical cell' block- 
10 address for designating a unit cell block to be restored? and 
a control unit for controlling the tag block and the 
predetermined cell block table for activating on© word line of 
the unit cell blocX selected by the physical cell block 
address. 

15 in accordance with another aspect of the present 

invention, there is provided a memory device including a cell 
area including N+l number of unit cell blocks adding N number 
of the unit cell blocks individually having M number of word 
lines for responding to an inputted row address and an 

20 additional unit cell block having M number of the word lines;- 
a data access control unit for controlling operation that data 
accessed in a first unit cell block selected in the N+l number 
of th© unit cell blocks are restored either in the first unit 
aell block or in a second unit cell block; and an instruction 

25 control unit for controlling an operation that a cell block 
address in response to a second instruction being at an active 
next timing period is conversed and a bit line in response to 
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a first instruction is precharged during accessing data in 
response* to the first 'present active instruction. 

in accordance with another aspect of the present 
invention, there is provided a method for operating a memory . 
5 device having first and second cell blocks, each having a 
number of cell units including the steps of: (A) sensing and 
amplifying a first data in the first cell block; (B) restoring 
the first data in the second cell block; and (C) sensing and 
amplifying a second data in the first unit block, wherein both 
10 the step (B) and the step (C) are performed at a substantially 
simultaneous timing period. 

in accordance with another aspect of the present 
invention, there is provided 'a method for operating a memory 
device having an N+l number of unit cell blocks adding an N 
15 number of unit cell blocks and an additional unit cell block 
individually both corresponding to an inputted row address and 
having an M number of word lines, N and M being positive 
integers including steps of: (A) sensing and amplifying a 
first data in a first unit cell block selected out of the N+l 
20 number of the unit cell blocks; (B) restoring the first data 
in a second unit cell block selected out of the N+l number of 
the unit cell blocks; and (C) sensing and amplifying a second 
data in the first unit cell block, wherein both the step (B) 
and the step (C) are performed at a substantially simultaneous 
25- timing period. 

In accordance with another aspect of the present 
invention, there is provided 67. A method for operating a 
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memory devic including an N+l number of unit cell blocks, 
adding a K number of unit cell blocks and an additional unit 
cell block, both corresponding to an inputted row address and 
having a M number of word lines, N and M being positive 

5 integers, comprising the steps of s (A), activating a first word 
line of a first unit cell block selected out of the N+l number 
of the unit cell blocks; (B) sensing and amplifying. a K number 
of data in response to the first word line; (C) moving the K 
number of the sensed and amplified data in response to the 

10 first word line to the other unit cell block having a- 
predetermined word line in response to the first word line and 
restoring thereof; (D) activating a second word line of the 
first unit cell block; (E) sensing and amplifying a K number 
of data in response to the second word line, wherein the steps 

■ 

15 (C) and (B ) are performed at substantially simultaneous timing 
period - 

in accordance with another aspect of the present 
invention, there is provided a method for operating a memory 
device having a cell area containing an N+l number of unit 

20 cell blocks, adding an n number of unit cell blocks and an 
additional unit cell block, both corresponding to an inputted- 
row address and having an M number of word lines, N and m 
' being positive integers including the steps of: (A) sensing 
data by both a logical cell bloc* address for selecting a N 

25 number of logical unit cell blocks by receiving the row 
address and a local address for selecting one out of the M 
number of word lines included in the s lected unit cell block; 
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(B ) converting the logical cell block address to a physical 
cell block address for selecting one out of a N+l number of 
the physical cell block addresses, (C) activating a first wtd 
line in response to the local address in a first unit cell 
5 block selected in response to the converted physical cell . 
block address; (D ) sensing and amplifying the data in response 
to the first word line? (E) moving the first data to a second 
unit cell block of which a predetermined word line is assigned 
in response to the . first word line? (F) activating a sfecond 
10 word line of the first unit cell block in response to the 
local address inputted for a next instruction; and (G) sensing 
and amplifying a second data in response to the second word 
line, wherein the steps E and G are occurred at a 
substantially simultaneous timing period. 
!5 m accordance with another aspect of the present 

invention, there is provided a method for operating a memory 
device including a cell area having an M+i number of unit cell 
blocks, adding an N number of unit cell blocks and an 
additional unit cell block, individually both corresponding to 
20 an inputted logical cell block address and having an M number 
of word lines, N and M being positive integers including the 
steps of: (A) receiving a first logical cell block address in 
response to a first instruction and thereof converting to a 
first physical cell' block address for selecting one out of a 
25 n+l number of the physical ce"ll block addresses; (B) sensing 
and amplifying a first data in a first unit cell block in 
response to the first physical cell block address? (C) moving 
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the first data and latching thereof; (D) precharging the first 
data sensed and amplified in the first unit cell block? (E) 
converting to a second physical cell block address after 
receiving a second logical cell block address in response to a 
5 second instruction; (F) moving the first latched data to the 
second unit cell block selected out of the N+l number of the 
unit cell blocks and restoring thereof; and (G) of sensing and 
amplifying the second data in the second unit celX block in 
response to the second physical cell block address, wherein 
LO the steps F and G are occurred at a substantially simultaneous 
timing period. 

Brief Description of the Drawings 

15 The above and other objects and features of the instant 

invention will become apparent from the following description 
of preferred embodiments taken in conjunction with the 
accompanying drawings , in which: 

Fig. 1 is a block diagram showing a conventional memory 

20 device ? 

Fig. 2 is a schematic circuit diagram demonstrating a bit 
line sense amplifier block and a unit cell block shown in Fig.* 
1; 

Figs. 3 and 4. are timing diagrams describing data access 
25 operations of the conventional memory device described in Fig. 

1? 

Fig. 5 is a block diagram describing a semiconductor 



-22- 



27. OCT. 2003 19=22 



NO. 961 P. 8 



memory device in accordance with a preferred embodiment of the 

present invention . 

Pig. 6 is a block diagram showing a segment in the 
semiconductor memory device in accordance with an embodiment 
5 o£ the present invention? 

Pig. 7 is a block diagram describing a segment in the 
semiconductor memory device in accordance with another 
embodiment of the present invention; 

Figs. 8 and 9 are timing diagrams depicting operation of 
10 the semiconductor memory device, depending upon a data access 
pattern; 

Fig. 10 is a block diagram describing a segment in the 
memory device in accordance with another embodiment of the 
present invention; 
15 Fig, 11 is a schematic 'circuit diagram showing a cell 

area shown in Pig. 10; 

Fig. 12 is a schematic circuit diagram describing a cell 
block of the cell area shown in Fig. 11; 

Figs. 13A to 13D are explanatory diagrams depicting the 
20 operation of the cell area shown in Fig. 11; 

Fig. 14 is a block diagram showing a segment in the 
memory device in accordance with another embodiment of the 
present invention; 

Fig. IS is a schematic circuit diagram describing a cell 
25 block of the bank shown in Fig- 14; 

Fig. 16 is a block diagram showing a segment in the 
memory device in accordance with another embodiment of the 
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present invention; 

Pig. 17 is a timing diagram describing the operation of 
the memory device described in Fig, 16; 

Fig- 18 is a block diagram showing a segment in the 
5 inventive memory device in accordance with another embodiment 
of the present invention; 

Pig. 19 ia an exemplary block diagram describing a 
predetermined cell block table shown in Pig- 18; 

Fig. 20 is an exemplary block diagram depicting a tag 
10 block shown in Fig. 18; 

Fig- 21 is a block diagram showing a part of a control 
block shown in Fig. 18; 

Figs. 2 2 and 2 3 describe explanatory diagrams of the tag 
block shown in Fig- 2 0 in detail; 
15 Fig- 24 is a timing diagram depicting operation of the 

memory device shown in Fig- IB; 

Fig. 25 is a timing diagram describing the operation of 
the memory device employing the tag block shown in Fig. IB; 

Fig. 26 is a block diagram showing a semiconductor memory 
20 device in accordance with another preferred embodiment of the 
present invention ; 

Fig. 27 is a timing diagram depicting an inter cell block 
interleaving mod© in the memory device shown in Fig* 26; 

Fig. 2 8 is a timing diagram depicting operation of the 
25 memory device shown in Fig. 2 6 in a read mode; 

Fig. 2 9 is a timing diagram depicting operation of the 
memory device shown in Fig. 2 6 in a write mode; 
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Pig. 30 is a simulation waveform showing operation pf the 
memory device shown in Pig. 2 6 in the read mode; 

Fig. 31 ie a schematic circuit diagram describing a 
circuit for generating signals used for a global bit line 
5 connection unit shown in Fig. 24; 

Fig- 32 is a timing diagram showing operation of the 
memory device in response to the signals generated from th 
circuit shown in Fig. 31; 

Fig- 3 3 is a block diagram depicting a memory device 

10 having a reduced row cycle timej 

Fig. 34 is a block diagram describing the memory device 
shown in Fig. 33 in detail; 

Fig. 35 is a " timing diagram depicting operation of the 
memory device shown in Fig. 34 in response to continuously 
15 inputted read instructions; and 

Fig. 36 is a timing diagram showing operation of the 
memory device shown in Fig. 34 in comparison with that of the 
memory device shown in Fig. 18. 

20 Detailed Description of the invention 

Hereinafter , a semiconductor memory device in accordance 
with the present invention will be described in £etail_ 
referring to the accompanying drawings. 
25 Referring to Fig. 5, there is shown a block diagram 

showing a semiconductor memory device in accordance with a 
preferred embodiment of the present invention. 
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As shown, the semiconductor memory device includes a 
plurality of banks. Each bank has at least one segment 510A 
to 510D and an input/output (I/O) sense amplifier block 590. 
The segment, e.g., 510A, includes a cell area 520, a control 
5 block 580, a row address decoder .560 and a column address 
decoder 565. Herein, because ' the row and column address 
decoder 560 and 565 are similar to those of the conventional 
memory device as shown in Fig. 1, detailed descriptions about 
operation of the row and column address decoder 560 and 565 is 
10 omitted for the sake of convenience. 

Referring to Pig. 6, the cell area 520 includes at least 
two cell blocks, e.g., 610 and 620, at least one global bit 
line connection unit, e.g., 550. The cell block, e.g., 610, 
outputs data through the use of a global bit line 505 in 
15 response to an instruction. The global bit line connection 
unit 550 allocated between the two cell blocks, e.g., 610 and 
620, serves to selectively connect the global bit line 505 to 
each cell block, e.g., .610 or 620. For the sake of 
convenience, the row address decoder and the column address 
20 decoder identical to those shown in Fig. 5 does not described 
in the segment embodiment, hereinafter. 

The memory device can support an "intra cell block 
interleaving mode". Hereinafter, the inter cell block 
interleaving mode is defined as an operation that during a 
25 current data in response to a current instruction is restored 
in the original cell block or in another cell block, a next 
data in response to a next, instruction is simultaneously 
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outputted from the same cell block. 

For implementing the intra cell block interleaving, mode, . 
the control block 5 80 controls the cell area in a manner that 
a first data is restored into the original cell block, e-g«, 
5 610 and a second data is simultaneously outputted from the 
same cell block, e.g.,- 610 in' response to a next instruction, 
^ £ter the ce ii block, e.g., 610 outputs the first data to the 
global bit line 50 5 in response to an instruction- 

in detail, a first cell block 610 includes a first cell 
10 array 616, a first local sense amplifier unit 612A and a first 
local sense amplifier connection unit 614A, The first cell 
block 610 further includes a second local sense amplifier unit 
612B and a second local sense amplifier connection unit 61*B fc _ 
The first cell array 616 has a plurality of unit cells 
15 and is coupled to the first and the second local sense 
amplifier units 612A and 612B through the first and second 
local sense amplifier connection units 614A and 614B. ' The 
first local sense amplifier block 612A amplifies and outputs a 
first data outputted from the first cell array 616 to the 
20 global bit line 505. The first local sense amplifier 
connection unit 614A serves to selectively connect the first 
cell array 616 to the first local sense amplifier block 612A. 
as soon as the first data from the first cell array 616 is 
supplied to the first local sense amplifier unit 612A, the_ 
25 first cell array 616 is isolated from the first local sense 
amplifier block 612A by the first local sense amplifier 
connection unit 614A. 
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After the first data is coupled to the input/output sense 
amplifier block 590, the first data should be restored. Thus, 
the global bit line connection unit 550 connects the global 
bit line 505 to the second local sense amplifier unit 612B. 

5 Then, the first data is amplified by the second local sense 
amplifier unit 612B? and the amplified first data is restored 
in the original cells. Simultaneously, a second data in 
response to the nert instruction can be outputted from the 
same C ell array 616 or another cell array, e.g., 626 ' after 

10 amplified by the local sense amplifier unit, e.g., 612A or 
622A- 

Thus, a data access time of the inventive memory device 
is not depended upon whether the first and second data are 
accessed on the same cell blocks or each different cell block 
15 in the intra cell block data access- -Namely, the inventive 
memory device can guarantee stable operation speed without 
depending on a data access pattern. 

Fig. 7 is a block diagram describing a segment in the 
semiconductor memory device .in accordance with another 
20 embodiment of the present invention. 

As shown, the segment of the semiconductor memory device 
includes a first cell block 710, a second cell block 720, a 
connection unit 7 90* and a control block. And the segment 
further includes a latch unit 770 and the cell area is couple 
25 to a control block 7 90 which is similar to the control block 
shown in Fig. 6. 

Each of the first and the second cell blocks 710 and 720 
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has a plurality of unit cells and a local sense amplifier unit 
712 or 722. The connection unit 790 is used for selectively 
connecting or disconnecting an alternative of the first and. 
second cell block 710 and 720 to a global bit line 705. The 
5 latch unit 7 70 temporary latches a data Supplied in the global 
bit line 705. The control block 780 supports an intra cell 
block interleaving mode. 

For supporting the inter cell block interleaving mode, 
the control block 7 80 controls the cell area in a manner that 
10 a first data from the first cell block 710 is restored into 
the other cell block, • e.g., 720, and a second data is 
simultaneously outputted from the same cell blocic, e.g., 710 
in response to a next instruction, after a first cell block, 
e.g., 710 outputs a first data to the global bit line 705 in. 
15 response to a instruction. 

In detail, if the second data in response to the next 
instruction is sequentially accessed in the first cell block 
710 after the first data in response to the current 
instruction is accessed in the same cell block 710, the first 
20 data is restored not in the original cell block 710 but in the 
second cell block 720. At this time, the latch unit 7 70 is 
used for temporarily latching the first data supplied to the 
global bit line 705. 

Namely, first of all, the connection unit 790 connects 
25 the first cell block 710 to the global bit line 7 05 for. 
outputting the first data. The first data is outputted to an 
external circuit and latched in the latch unit 770. Then, the 
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connection unit 790 connects the second cell block 7 20 lo the 
global bit line 705 for restoring the latch d first data, 
while the second data is accessed and amplified by the local 
sense amplifier unit 712 of the first cell block 710, 
5 if the second data is accessed and outputted from the 

second cell block, the latched first data is restored in the 
original cell block 710 while, the second data for the second 
cell block 720 is amplified by the local sense amplifier unit 
722 of the first cell blook 720. 
10 Thus, the data access time of the inventive memory device 

of the present invention is not depended upon whether the 
first and second data are outputted from the same cell block 
or a different cell block. Namely, the inventive memory 
device can guarantee a stable operation speed less sensitive 
15 to a data access pattern. 

Figs, 8 and 9 are timing diagrams depicting operation of 
the semiconductor meinory device, depending upon a data access 
pattern . 

Herein, as shown in Figs.- 7 to 9, there is described the 
20 operation of the memory device in accordance with the present 
invention. First, referring to Fig- 8, there is described the 
' operation of the memory device in an intra cell block data 
access. 

As shown, by sequentially inputted instructions CD0 to 
25 CD2, e.g., the first data is sensed and amplified in the first 
cell block 710 at a first timing period tO. Herein, at a 
second timing period tl, the first data is restored in the 
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second cell block 1 and the second data is sensed and amplified 
in the same first cell block 710. 

Herein, at a third timing period t2 , the second data is 
restored in the second cell block 720 and the third data is. 
5 sensed and amplified in the same first cell block 710. And 
next, the third data is restored in the second cell block 7 20 
at the forth timing period t3 . 

After the first data is sensed and amplified by the local 
sense amplifier 712 included in the first cell block 710, th 
10 first data latched by the latch block 7 70 moves to the second 
cell block 720 for first data restoration time. 

The data exchange between the latch block 77 0 and the 
first or the second cell block 710 or 720 is performed through 
the use of the global bit line 705. The global bit line 705 
15 is selectively connected to the first and the second cell, . 
blocks 710 and 720 by the connection unit '790. 

Referring to Fig. 9, in an inter cell block data access, 
the second data is accessed in the second cell block 720 after 
the first data is accessed in the first cell blocks 710. 
20 When first to third data are alternatively retrieved in 

the first and the second cell blocks 710 and 720 in response 
to continuously inputted instructions CD0 to CD2, the first 
data is sensed and amplified in the first cell block 710 at. a 
first timing period tO ; and then, at a second timing period tl , 
25 the first data is restored in the first cell block 710 and, at 
the same time, the second data is sensed and amplified in the. 
second cell block 720. 
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Next, at a third timing period t2 , the second data is 
restored in the second cell block 720? and, at the same time, 
the third data is sensed and amplified in the first cell block 
710. And then, the third data is restored in the first cell 
5 block 710 at the forth timing period t3 . 

For instance, after the first data is sensed and 
amplified, the first data latched by the latch block 770 moves 
to the first or the second cell block 710 or 72 0 for the data 
restoration time. Namely, when the data are alternatively 
10 retrieved from the first and the second cell blocks 710 and 
720 in the inter cell block data access, an inter cell block 
interleaving mode is performed in a manner that another data 
accessed by a next instruction is sensed and amplified during 
a first data latched in the latch block 770 is restored in the 

15 original cell block. 

In the case that an inputted instruction is the read 
instruction, the data latched in the latch biock 77 0 is 
outputted to the external part; otherwise, in a written mode, 
the data inputted from the external part is replaced with the 
20 latched data. 

Since, in the memory device of the present invention, 
data access operation and restoration operation are 
simultaneously carried out at the same row cycle time, the 
data access time can be dramatically reduced. 
25 Fig. 10 is a block diagram describing a segment in the 

memory device in accordance with another embodiment of the 
present invention. 



-32- 



.OCT. 2003 19=24 



NO. 961 P. 18 



10 



as shown, the segment of the memory device includes N+l 
of unit cell blocks, e.g., 1010 to 1050, N/2+1 global bit line 
connection units, e.g., 1090A to 1090C, first and second 
global bit line sense amplifier units 1075A and 1075B and a 
control block 1080. 

Bach unit cell block, e.g., 1010 includes a cell array 
1016 having a plurality of unit cells, a first local bit line 
sense amplifier block, e.g., 1012A and a second local bit line 
sense amplifier block, e.g., 1012B. The first global bit line 
sense amplifier unit 1075A serves to latch data sensed and 
amplified by the first local bit line sense amplifier block, 
e.g., 1012A, included in each unit- cell block. The second 
global bit line sense amplifier unit 1075B is used for 
latching data sensed and amplified by the second local bit 
line sense amplifier block, e.g.,1012B, included in each unit 
cell block. Each global bit line connection unit, e.g., 1090A- 
serves to selectively connect the global bit line 1005 to the 
second local bit line sense amplifier block, e.g., 1212b of 
one unit cell block, e.g., 1010 and the first local bit line 
sense amplifier block, e.g., 1022A of the other unit cell 
block, e.g., 1020. The control block 1080 is used for 
controlling operations of inputting and outputting data 
outputted from each unit cell block and restoring the 
. outputted data in the original cell unit or another cell unit. 
25 The control block 8 0 supports operation that, in the 

intra cbII bloek data access, the first data is restored not 
in the first unit cell block 1010 but in another unit cell- 
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block, e.g., 1050, while the second data is accessed in the 
first unit cell block 1010- 

in addition, the control block 80 supports operation that, 
in the inter cell block data access, the first data is 
5 restored in the first unit cell block 1010 while the second 
data is accessed in another unit cell block, e.g., 1020. 

Fig, 11 is a circuit diagram showing the cell area 102 0 

shown in Pig. 10. 

As shown, the cell area 102 0 of the memory device 
10 includes the first to the fifth cell blocks 1180A to 1180E, 
each having a plurality of the unit cell and the first and the 
second global bit line sense amplifier blocks 1175A and 1175B 
coupled to each unit cell block through the use of the global 
bit line 1005. 

15 Each of the first and the second global bit line sense 

amplifier unit 1175A and 1175B has a plurality of the global 
bit line sense amplifier GSA. The global bit line sense 
amplifier 1170A included in the first global bit line sense 
amplifier unit 1075A is coupled to the global bit line sense 

20 amplifier 117 0B included in the second global bit line sense 
amplifier block 1075B through use of the first global bit line 
pair GBL0 and /GBL0. The amplified data by the first and 
second global bit line sense amplifier units 1075A and 1075B 
is outputted through the use of global sense amplifier lines 

25 1105A and 1105B. 

The global bit line sense amplifier GSA latches and 
amplifies the data supplied from the local bit line sense 
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amplifier LSA. The configuration of the global bit line sense 
amplifier GSA can be identical to that of the local bit line 
sense amplifier LSA. 

The global bit line connection unit, e.g., 1090A, 
5 selectively connects the global bit line 1005 to the two 
neighboring local bit line sense amplifiers, e.g., 1212B and- 
1022B. Each of the global bit line connection units, e.g., 
1Q90A, is allocated between two unit cell blocks 1010 and 1020. 
There are .provided with three global bit line connection units 

10 if the number of the unit cell blocks is 5 as shown' in Fig. 11, 
If the number of these is 9, there are provided with be five 
global bit line connection units. 

As mentioned above, each unit cell block, e.g., 1010, 
includes the unit cell array, e.g. r 1216 and the first and the 

15 second local bit line sense amplifiers, e.g., 1012A and '1012B. 
The first and the second local bit line sense amplifiers, e.g., 
1012A and 1012B f have a plurality of the bit line ' sense- 
amplifiers. Each first local bit line sense amplifier, e.g., 
1012A, is connected to the global bit line 1005 through a 

20 switch transistor A. 

The first to the* fifth unit cell block control blocks 
1180A to 1180E respectively output a switch control signal, 
e.g., GBIS12 or GBIS34, for selectively connecting the local 
bit line sense amplifier LSA, e.g., 1212A or 1212B, included 

25 in each the unit cell block, e.g./ 1010, to the global bit 
line 1005 through the global bit line connection unit/ e.g. f 
1090A, 1090B, 1090C. 

- 35 - 



.OCT. 2003 19:25 



NO. 961 P. 21 



Through the global bit line 1005 connected to the first , 
and the second global bit line sens amplifier 1070* and 1070B, 
a data latched in the first and the second global bit line 
sense amplifier block 1070A and 1070B is outpaced to the 
5 external part, or a data inputted from the external part is 
supplied to the first and the second global bit line sense 
amplifier block 1070A and 1070B. 

Fig. 12 is a schematic circuit diagram describing a 
partial circuit of the unit cell block of the cell area shown 

10 in Fig. 10. 

Each unit cell array, e.g., 1016, included in each second 
unit cell blocks, e.g., 1010, has a plurality of the word 
•lines WL0, WL1, ... and WLN, a plurality of bit line pairs, e.g., 
BL0 and /BL0, Bi^ and /BLN, a plurality of unit cells. 

Herein, the unit cell includes a capacitor and a mos 
transistor correspondent^ connected to each word line and 

each bit line pair. 

As shown, the second local .bit line sense amplifier block 
1012B of the first unit cell block 1010 includes a bit line 
sense amplifier 1230B, a precharge block 1210B, a bit line 
sense amplifier connection block 1040B and an equalization 
block 1220B. Since these block 1210B, '12206, 1040B and 1230B 
are identical to those shown Fig. 2, for the sake- of 
convenience, detail descriptions are omitted. However, 
eep ecially, for preventing the data collision in each of 
global bit line pair GBLO and /GBLO , the first local bit line 
sense amplifier LSA related to a cell array is coupled to one 
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of global bit sense amplifier pair GSA, and the second local 
bit line sense amplifier LSA related to the same cell array is 
couple to the other of the global bit sense amplifier pair GSA. 

Under the control of the cell block controller, e-.g., 
1180A, ©acn bit line sense amplifier, e.g., 1012A and 1012B of 
the unit cell block, e.g., 1010, is selectively connected to 
the global bit line 1005 or the global bit line connection- 
unit, e.g., 1090A. 

Figs. 13A to 13D are circuit diagrams depicting how to 
access the data in the cell block and output the access data 
to a global sense amplifier block. 

Figs. 13A to 13D describe the data transmission between 
the local bit line sense amplifier LSA and the. global bit line 
sense amplifier GSA. Especially, two data respectively 
outputted from the first and second local bit line sense 
amplifier blocks are individually transmitted to the global 
bit line sense amplifiers 1170A and 1170B throughout the 
global bit line pair GBL0 and /gblo. 

Hereinafter, referring to Figs. 10 to 12 and Figs. 13A to 
13D, the memory device shown in Fig. 10 is described in detail. 

Referring to Figs. 13A and 13C, in a read mode, operation 
of reading a data stored in unit cell block, e.g., 1020 and 
1040, is described. After the instruction is inputted in the 
memory device, the data stored in the unit cbII block, e.g., 
1020, is selected by the inputted address in response to the 
instruction. Then, the selected data is sensed and amplified 
by two local bit line sense amplifiers, e.g., 1320A and 1320B, 
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connected to the unit cell. The sensed and amplified data is 
moved and thereby latched into the global bit line sense 
amplifiers 11 7 OA and 1170B (as designated by using a bold line 
shown in Pig, 13A to 13C) . 

5 For the sake of convenience, one-bit data transmission is 

described in Pig- 13A to 13D. However, several bit data, e.g., 
4 Kb data in response to an activated word line, e.g-, WLO can 
be outputted at the same time. 

Referring to Figs. 13B and 13D, operation of writing a 

10 data stored in unit cell block, e.g., 1010 and 1050, is 
described. After the instruction is inputted in the memory 
device, the data inputted from the external part is latched in 
the global bit line sense amplifiers 1170A and 1170B. Then, 
the latched data is moved to two local bit line sense 

15 amplifiers, e.g./ 1350A and 135QB, of the unit cell block, 
e.g., 1050. Likewise, the writing operation is carried out 
between the global bit line sense amplifiers 1170A and 1170B 
and other unit cell blocks, e.g., 1010, 1020, 1030 and 1040 

a 

( as designated by using a bold line shown , in Fig. 13B to 13D) . 

20 In addition, in the inventive memory device, each unit 

cell block has two local bit line sense amplifiers for sensing 
and amplifying data. Namely, 'when 4 Kb data in response to a 
word line is outputted, some data, e.g.- 2 Kb data- is sensed 
and amplified by the first local bit line sense amplifier 

25 block; and the other data, e.g., 2 Kb data, is sensed and 
amplified by the second local bit line sense amplifier block. 
As a result, the bank should have two global bit line, sense 
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amplifier blocks, e.g., 1170A and 1170B. 

Pig. 14 is a block diagram showing a segment in the 
memory device in accordance with another embodiment of the 
present invention, and Fig. 15 is a schematic circuit ' diagram 
5 describing a cell block of the bank shown in Pig. 14. 

If the unit cell block., e.g., 1410 of the segment has one 
local bit line sense amplifier block, e.g., 1412 and all data, 
e.g., 4 Kb data in response to the activated word line is" 
sensed and amplified by the local bit line sense amplifier 
10 1412, the global bit line connection unit is unnecessary and 
only one global bit line sense amplifier block is needed. 

Therefore, in Figs. 14 and 15, there is described the 
bank in case that the unit cell block, e.g., 1410, has one 
local bit line sense amplifier block, e.g., 1412. Herein, for 
15 the sake of convenience, detail description about operation of 
the unit oell block, e.g., laiO, is omitted because each block, 
e.g., 1510, 1520, 1530 and 1540, included in the local bit 
line sense amplifier block, e.g., 1412 is same to each block, 
e.g., 1210B, 1220B, 1230B and 1240B, shown in Fig. 12." 
20 As shown in Pig. 15, data selected by a word line, e.g., 

WL0 is sensed by the bit line sense amplifier 1412. The 
sensed and amplified data is then coupled to the global bit 
line pair GBL0 and /GBLO by a connection unit 1540 of the bit 
line sense amplifier 1412. Herein, the bit line sense 
25 amplifier includes an equalization unit 1510, a precharge unit 
1520, a sense amplifier 1530 and the connection unit 1540. 

Pig. 16 is a block diagram showing a bank in the 
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inventive memory device in accordance with another embodiment 
of the present invention. 

As shown, the bank includes a cell area 1620 and a • 
control block 1680. The cell area 1620 has S+l number of unit 
5 cell blocks, e.g., 1630_1, 1630_N+1, and a data latch block 
1670. Also, in each unit cell block, H number of word lines 
is -coupled to a plurality of unit cells. The N and M are 
positive integers. Herein, a size of memory device, i.e., a 
storage capability, is calculated with the' exception of the 
10 additional unit cell block. Namely', in the Pig. 16, a size of 
the bank is M( number of word lines) * N( number of unit cell 
blocks) * (number of bit lines'). 

The control block 1680 supports the intra cell block 
interleaving mode. The After a first data in response to a . 
15 current instruction is outputted from, e.g., a first unit cell 
block 1630_1, the first data is latched in the data latch 
block 1670, Then, if a second data in response to a next 
instruction is outputted from the first unit cell block 1630_1, 
the first data is restored in another unit cell block, e.g., 
20 1630_N+i. At this time, since the memory device can use an 
additional unit cell block and the data latch block, a row 
address of the first data is not changed. 

Fig. 17 is a timing diagram describing operation of the 
memory device shown in Pig. 16} and, especially, describes the 
25 intra cell block interleaving mode when a first and the second . 
data are sequentially accessed in the same unit cell block 
among N+l numbers of the unit cell blocks shown in Fig. 16. 
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Hereinafter, referring to Fig8 . 16 and 17, there is 
described the execution of the memory device, shown in Pig. 16, 
in accordance with the present invention. 

The additional unit cell block is used for restoring the 
5 first data when the second data are sequentially accessed in 
the same unit cell block. As shown in Pig. 17, the first data 
is stored in unit cells coupled to a first word line WLO, and 
the second data is stored in unit cells coupled to a second 
word line WLl of the same unit cell block. 
10 Pirat, at a first timing period tO , the first word line 

WLO of, e.g., first unit cell block 1630^1 is activated in 
response to a first instruction CDO ; and, then, first data in 
response to the first word line WLO is sensed and amplified. 
The amplified first data moves to the data latch block 1670. 
15 At a seC ond timing period tl, first, the second word line 

WLl of, e.g., first unit cell block 1630_1 is activated in 
response to a second instruction CDl; and, at the same time, 
the first word line Wqo of, e.g., third unit cell block 1630_3 
is activated. Then, the second data in response to the second 
20 word line WLl is sense and amplified; and, at the same time, 
the first data is restored into unit cells in response to the 
first word line WLO of the third unit cell block 1630_1. 

As described above, the data access time of the memory 
device in accordance with the present invention can be 
25 actually precluded the data restoration time, because the 
second data can be sensed and amplified by the next 
instruction during the first dat.a in response to the pres nt 
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instruction is restored. Thus, the data access time can be 
effectively reduced to thereby obtain a high speed operation 
of the memory device. In addition, in the memory device of 
the present invention, the data restoration operation can be 
5 simplified by simply changing only the cell block address of 
the data. 

Fig. 18 is the block diagram depicting a segment in the 
inventive memory device in accordance with another embodiment 
of the present invention. The structure or configuration of m 

10 the segment shown in Fig. 19 is " substantially identical to 
that of the segment shown in Fig. 16, except that a 
predetermined cell block table 1810 and a tag block 1830 are 
coupled to a control block 188'0. 

The predetermined cell block table 1810 includes a 

15 plurality of registers for storing' predetermined restore cell • 
block address information. The tag block 1830 generates a 
target restore cell block address corresponding to an access 
cell block address based on the predetermined restore cell 
block address information. The control block 1880 controls 

20 the predetermined cell block table 1810 , the cell area 1820^ 
and the tag block 1830 in order to support the intra cell 
block interleaving mode. 

Fig. 19 is a block diagram describing the predetermined 
cell block table 1810 shown in Fig. 18* 

25 As shown, the predetermined cell block table 1810 

includes " MX (N+l) registers, each having the predetermined 
restore cell block address information* The predetermined 
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restore cell block address information contains a 
predetermined restore cell block address and its condition 
information- The predetermined restore cell block address 
consists of, e.g w 3 bits, and its condition information of, 
5 e.g./ 1 bit. The predetermined restore cell block address 
information represents a target cell block to be restored, 
corresponding to an accessed word line of unit cell block. 
Its condition information represents whether the target cell 
block to be restored is available or not. 
10 The predetermined cell block table 1810 receives a 

current row address Cur_RA, a previous row address Pre_RA and 
a previous restore physical cell block address Pre_PBA- Also, 
the predetermined cell block table 1810 is updated by an 
updating signal EBTJJP DATE. The predetermined cell block 
15 table 1810 outputs an available restore cell block address 
Extra^BA to the tag block 1830. 

Fig. 20 is a block diagram depicting a tag block 1830 
shown in Pig. 18. 

As shown, the tag block 1830 includes the N+l number of 
20 unit tag tables 1910 to 1910 (herein, e.g., N is 8), the N+l 
number of comparators 1912A to 1912B (herein, e.g., N is 8), a 
cell block address decoder 1832, a cell block address encoder 
1834 and a tag control block 1838. 

.The cell block addresjs decoder 18 32 receives the 
25 available restore cell block address Extra_BA outputted from 
the predetermined cell block table 1810 and selects one among 

unit tag tables in response to the available restore cell 
« 
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block address Extra_BA. Then, the comparator, e.g., 1912A, 
compares an address of converting the current row addr ss 
Cur_RA based on the selected unit tag table with the logical 
cell block address CurjLBA. And last, the cell block address 
5 encoder 1834 outputs a current restore physical cell block 
address Cur_PBA which is encoded in response to a result o£ 
comparison. Herein, each of the unit tag tables 19A0 to 1910 
stores a restore cell block address information corresponding 
to NX256 word lines of unit cell blocks. 
10 The tag block 1830 further includes a delay unit 1836. 

for delaying the current restore physical cell block Cur_PBA 
by one clock period. to access a restore cell block. 

Herein, each of unit tag tables 19A0 to 1910 has 256 
registers, and ■ one register LB A consists of three bits. For 
15 instance, the first unit tag table 19A0 stores information 
what logical cell block is corresponded with each 256 numbers 
of the word lines included in the first unit cell block, and 
the second unit tag table 432B stores information what logical 
cell block is corresponded with each of 256 numbers of the 
20 word lines included in the second unit cell block. 

in addition, in each tag table 19A0 to 1910, the - first, 
register 0 stores the logical cell block' address in response 
to the word line 'WLO' of each unit cell block, the second 
register 1 stores the logical cell block address in response 
25 to the word line 'WLl f of each unit cell block, and 256th 
register 255 stores the logical cell block address in response 
to the word line 'WL255' of each unit cell block. 
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Pig. 21 is the block diagram of some part of the control 

block 420 shown in Pig. 18. 

As shown, the control block 18 80 has the signal input 
block 2110- for receiving a instruction Ext^CMD, a logical cell 
5 block address E*t_LBA and a local address Ext_RA from the 
external part and thereby outputing a current instruction 
Cur_CMD, a current logical cell block address CurJLBA and the 
current row address Cur_RA in the present execution clock and 
a previous instruction Pre_CMD, a previous logical cell block 
10 address Pre_LBA, a previous row address Pre_RA. 

In addition, the address convert control block 2120 
included in the control block 1880 receives the instruction 
Cur_CMD, the logical cell block address Cur_LBA and the local 
address Cur_RA in the present execution clock and the 
15 instruction Pre_CMD, the logical cell block address pre_LBA 
and the local address Pre_RA in the prior execution elock. 
And then, the address convert control block 2120 outputs 
predetermined cell block update signal EBTJUPDATE, precharge 
active signal PC__ACT [ 0 : 8 ] , the instruction kill signal 
20 CMD_KILL and an inner restoration signal INTW[0:8]. 

The predetermined cell block update signal ebt_UPDATE is 
used for updating the information stored in the predetermined 
cell block table 1810 when the restore physical cell block 
.address Cur_PBA of the current operation clock is identical to 
25 that Pre_PBA of the previous operation clock. 

in addition, the instruction kill signal cmd_kill 
terminates the operation of the next instruction when the word 
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line of the unit cell block is continuously accessed. The 
error is occurred if the tag information is read in the state 
that the information about the physical cell block address in 
response to the logical cell block address in the tag block 
5 430 is not correctly updated in response to the prior 
instruction, when the word line of the unit cell block is 
cqntinuously accessed. 

The precharge active signal FC_ACT[0;8] is used for 
selecting the physical cell block address in response to the 
10 inputted instruction. The inner restoration signal INTW[0:3] 
is used for delivering the data accessed in the unit cell, 
block selected by the present active instruction and thereby 
latched in the data latch block into the unit cell bioc3c of 
which determined word line is assigned and thereby restores 
15 the data, when the physical cell block address Cur_PBA of the 
present execution clock is same to that Pre_FBA of the prior 
execution clock. 

The clock delay block 2121 delays the inner restoration 
signal INTW[0:8] for one clock so that the inner restoration 
20 signal INTW[0:8] is later than the percharge active 'singal 
PC_ACT[0:8]. This is needed for restoring the data using the 
inner restoration signal INTW[0:8], after selecting the unit, 
cell block using the precharge signal PC_ACT[0;8]; selecting 
one word line in the selected unit cell block; and sensing and 
25 amplifying the data in response to the selected word line. 

Fig. 2 2 is circuit diagram showing the first to third 
bits of each unit tag table 19A0 to 1910 shown in Fig. 19/ and 
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rig. 23 is circuit diagram of the forth bit of each unit tag 
table 19A0 to 1910 shown in Fig. 19. 

As shown, the first to third bits are dynamic eeils and 
the forth bit is a static cell, in order to maintain operation 
5 speed. The static cell is used for the forth bit because th 
forth bit is more relatively often updated than the first to 
third bits. 

Pig. 24 is a timing diagram depicting operation of the 
bank in the inventive memory device shown in Fig. 18. 
10 Hereinafter, referring to Figs. 18 to 24, there is 

described the operation of the memory device in accordance 
with the present invention in detail. 

First of all, one instruction CDO is inputted at a first 
timing period to, and two timing periods is needed for 
15 operating one instruction, e.g., CDO, For example, during 
first and second timing period tO and t,l , the operation of the 
first instruction CDO is carried out. Each timing period, 
e.g., tO, tl, is split into two timing sets, e.g., a 0 and 
b 0 . At the timing set a 0 , blocks related to a tag operate; and, 
20 at the other timing set b 0 , blocks of the cell area 182 0 
operate . 

First, the timing set a 0 is described in detail. 

in a 0 -l timing set, the control block 1480 receives the 
logical cell block address for selecting one out of the 8 unit 
25 cell blocks included in the cell area 1820 and the local 
address for selecting one out of the 256 word lines. 

And then, in a 0 -2 timing set, the tag block 1830 converts 
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the logical cell block address to the physical cell ■ block- 
address Cur_PBA. 

In a Q -3 timing set, the predetermined block table 1910 
senses a unit cell block including the predetermined word line 
5 of the word line WLO, in response to the present inputted 
local address Cur_RA. And the cell block address Extra_BA 
having the predetermined word line is outputted to the control 
block 420 and the tag block 430 in response to a result of 
comparison . 

10 And then, in a 0 -4 timing set, the ' predetermined cell 

block 410 is updated by the result of comparing the unit cell 
block selected by the first instruction CD0 with that selected 
by the prior instruction. 

Continuously/ there is described the operation of the 
15 cell area 1820 in response to the first instruction CD0 of the 
first timing period to. 

During b 0 -l timing set, in the first unit cell block 
which is selected in response to the converted physical cell 
block address Cur_PBA, the first word line in response to the 
20 local address is activated. 

And then, during b 0 -2 timing set, K bits first data in 
response to the first word line is sensed and amplified. 

During b 0 -3 timing set, K bits first data is latched in- 
the data latch block 1870. 
25 Then, in the read mode, i.e., the first instruction CD0 

is a ''read" instruction, the data selected by the column 
address among the K bits data latched in the data latch block 
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187 0 is outputted while the second instruction CDl is inputted. 
Meanwhile, in the write mode, i.e., the first instruction CDO 
is a "write" instruction, the data inputted from the external 
part overwrites the data selected by the column address among 
5 the K bits data latched in the data latch block 1870. 

At the second timing period tl, that the timing set when 
the K bits first data in response to the first ine-br-uc-bion CDO 
is actually outputted to the external part of the memory 
device. The K bits first data can be outputted, before 
10 another 4 Kb data in response to the second instruction CDl is 
latched in the data latch block 1870. 

Continuously, there is described at each timing set, e.g\ , 
a 0 , air »w when the blocks related to tag operate in second 
timing period tl . The second instruction CDl is also inputted 
15 in the second timing period tl . 

At ax-1 timing set, the row address inputted in response 
to the second instruction CDl is split into the local address 
and the logical cell block address." 

At ai-2 timing set, the tag block 430 converts the 
20 logical cell block address Cur_LBA to the physical cell block 
address Cur_PBA. 

At ai-3 timing set, the predetermined block table 1810 
senses the predetermined of the second word line VTL3 in 
response to the local address CurJRA inputted by the second 
25 instruction CDl and thereby outputs the cell block address 
ExtrajBA having the predetermined word line to the control 
block 1980 and the tag block 1830. Herein, the selected 
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register is updated. 

And then, in timing set, the unit cell • block, . 

selected by the second instruction CDl is compared with that 
selected by the first instruction CDO. 
5 As a result of comparison, if the same unit cell block is 

continuously accessed by the first and the second instructions 
CDO and CDl, the predetermined unit cell block of the first 
word line selected by the first instruction CDO is substituted 
with the unit cell block in response to the first instruction 
10 CDO • Herein, substituting the predetermined word line means 
to updating information Btored in the register of the 
predetermined cell. bock table 1810. 

For instance, the predetermined unit cell block of the- 
word line 'WL1' in response to the first instruction CDO is 
15 assigned as the forth unit cell block at the timing point of 
inputting the second instruction CDl; and, after updating the 
predetermined cell block table 1810, the predetermined unit 
cell block of the word line 'WLl' in response to the first 
instruction cpO is changed from the forth unit eell block to 
20 the first unit cell block. Namely, in the predetermined eell 
block table 1810, the register in response to the word line 
'WLl' is "Oil". After updating the predetermined cell block 
table 1810, the register is changed into "000 v. 

Continuously, there is described the operation of the- 
25 cell area 182 0 in response to the second instruction CDl of 
the second timing period tl . 

in bi-1 timing set, the second word line in response to 

-50- 



27. OCT. 2003 19=29 



NO. 961 P.3S 



the local address inputted by the' second instruction CD1 is 
activated. Also, at same tim , the predetermined unit cell 
block in response to the first word line selected by the first 
instruction CDO in ao~3 timing set of the first timing period 

5 to is activated. 

And then, in b x -2 timing set, the K bite first data . 
latched in the data latch block 1870 is restored in the K bite 
unit cells in response to the predetermined unit cell block of 
the first word line. Also, the K bits second data in response 

10 to the second activated word line are simultaneously sensed 
and amplified. 

In bi-3 timing set, the K bits second data sensed and 
amplified in response to the second word line is latched in 
the data latch block 187 0. 
15 Then, in the read mode, i.e., the second instruction CD1 

is a "read" instruction, the data selected by the column 
address among the X bits data- latched in the data latch block 
1870 is outputted while the second instruction CD1 is inputted. 
Meanwhile, in the write mode, i.e., the second instruction CD1 
20 is a "write" instruction, the data inputted from the external 
part overwrites the data selected by the column address among 
the K bits data latched in the data latch block 1870. 

in the intra cell block data access pattern, the memory 
device of the present invention not restores the first data^ 
25 but access the second data in the unit .cell block, and the 
restoration operation of the first data is operated by the 
predetermined unit cell block. 
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Meanwhile, in the inter cell block data access pattern, 
the operation of the memory device is described. 

First, the first data is sensed and amplified in the- 
first unit cell block and latched in the data latch block 1870. 
5 Herein, the first data is restored in the first unit cell 
block, and the second data is .sensed and amplified in another 
unit cell block and latched in the data latch block at a 
substantially simultaneous timing period. 

Thus/ the memory device of tne present invention supports 
10 the inter cell block interleaving mode*/in case of the intra 
cell block data access pattern, and supports the intra cell 
block interleaving mode in case o£ the inter cell block data 
access pattern. As a result, the memory device can stably 
access data on high speed without depending on the data access- 
15 pattern. 

Pig. 2 5 is a timing diagram depicting operation of the 
memory device shown in Fig. 18. 

As shown, in operation timing of the blocks related to 
the tag, operation of the memory device includes the following 
20 step of inputting the local address and thereby sensing the 
predetermined word line A; converting the logical cell block 
address to the physical cell block address in the tag block 
430 B; then, comparing two unit cell block accessed by th 
present active instruction and the prior instruction F; 
25 updating the predetermined cell block by the result from- 
comparing them G . At this, the cell block can activate the 
selected word line, and so on, for updating the predetermined 
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cell block G. 

Fig. 2 6 is a block diagram showing a semiconductor memory 
device in accordance with another preferred embodiment of the 
present invention. 

5 The memory device in accordance with the present 

embodiment has a plurality of banks, but one bank 2 600 is 
described in Pig. 26 because each bank has the identical 
structure and configuration. 

As shown, one bank 2650 has total eight segments 2640A to 

10 2640H and l/O sense amplifier blocks 2580A and 2680B for 
amplifying the data outputted from the eight segments 264GA to 
2 64 OH and delivering the data or delivering the data outputted 
form a data input/output buffer 2690 .to the segments 2640A to 
2640H. 

15 In addition, the segment 2640A has a low address decoder 

2 660 for decoding the address outputted from the control block 
2700 and outputting it to the cell area 2650, and a column 
address decoder 2670 for outputting the inputted column 
address to the cell area 2650. 

20 A size of the memory device shown in Fig- 26 is 2 56 Mb. 

If the memory device consists of 4 banks, one bank consists of 
64 Mb unit cells. If one bank consists of 8 segments, a size 
of one segment is 8 Mb. 

The cell area 2650 included in each segment consists of 

25 nine unit cell blocks 2710 to 2790, and one unit cell block 
has 256 word lines, 4 Kb( 4x1024) bit lines, and 256*4Kb unit 
cells . 
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The control block 2700 includes a tag block 2730 fox- 
converting -the logical cell block address about nine unit cell 
blocks 2710 to 2790 .to the physical -cell block address, a 
predetermined cell block table 2710 for storing information' 

5 about 25 6 predetermined word line, and a tag controller 2 820 
for controlling the tag block 2830 and the predetermined cell 
block table 2810. 

Because the cell area 2650 has one more unit cell block 
than the unit cell block in response to the inputted cell 

10 block address, the inputted cell block address is considered 
as the logical cell block address and the tag block 2830 of 
the control block 2700 converts the logical cell block address 
to the physical cell block address. Also, the control block 
2700 searches what unit cell block has the predetermined word 

15 line in response to the "word line selected, by the inputted row- 
address . 

In addition, each of nine unit cell block, e.g., 2710, 
included in the cell area 2650 has the local bit line sense 
amplifier blocks, e.g., 2712A and 2712B, one local bit line 

20 sense amplifier block 2712A senses and amplifies some of the K 
number of the data in response to the selected word line and 
the other local bit line sense amplifier 2712B senses and . 
amplifies the others of the K bits the data. 

The cell area 2 650 has a first and a second global bit 

25 line sense amplifier blocks 2705A and 2705B for latching the 
data outputted from the local bit line sense amplifier' block' 
included in each unit cell 2710 to 2790, a global bit line 
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2707 for data transmission betw en each unit cell blocks, e.g., 
2710 and the first and the second global bit line, sense 
amplifier blocks 27 05A and 27 05B, and five global bit line 
connection units 2718 to 2758 for connecting the global bit 
5 line 2707 to the nine unit cell blocks 2710 to 2790. 

The first and the second global bit line sense amplifier 
blocks 2705A and 2705B is basically provided with the local 
bit line s*nse amplifier and the sense amplifier for latching 
the data outputted from the local bit line sense amplifier 
10 block and amplifying the data signal reduced by being 
delivered throughout the global bit line. 

Fig. 27 is a timing diagram depicting *a cell block inter 
leaving mode in the memory device shown in Fig.. 26 , in the 
inter cell block data access. Pig,. 28 is a timing diagram 
15 showing operation of memory device in the intra cell ( block^ 
data access of the read mode, and Fig. 2J is a timing diagram 
describing operation of memory device in Fig. 2 6 in the intra 
cell block data access of the write mode. 

First, referring to Fig. 27 , there is described the 
20 memory device in accordance with the present embodiment in the 
interleaving mode. 

The row address inputted in response to one instruction 
has a cell block address for assigning the bank, the segment, 
and one unit cell block in the segment, and a local address 
25 for selecting one word line in the selected unit cell block- 
Also, the column address for selecting one out of the 4K 
number of the bit line included in one unit cell block is 
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10 



15 



20 



25 



inputted in response to the instruction. - 

In first timing period tO, the logical cell block address 
in response to the first read instruction RDO is converted to 
the physical cell block address, and the first unit cell block 
BLO is selected by the converted physical cell block address. 

At this, the word line WLO of the first unit cell block 
BLO is activated by the local address in response to the first 
read instruction RDO . The 4K bits the data stored in the 4K 
number of unit cell in response to the activated word line is 
sensed and amplified by the local bit line sense amplifier 
blocks, e.g., 2712A and 2712B. 

The 4K bits sensed and amplified data is moved to the 
first and the second global bit line sense amplifier blocks 
2705A and 2705B, and thereon latched. Then, one data DO 
selected out of the 4 Kb data latched in the first and the 
second global bit line sens© amplifier blocks 2705A and 2705B' 
by the column address in response to the first read 
instruction RDO is outputted to the I/O sense amplifier block 
2680A. At this, the timing when the actual data do is 
outputted to the external circuit of the memory device is the 
second timing period tl . 

in second timing period tl, the 4 Kb data latched in the 
first and the second global bit line sense amplifier block 
2705A and 2705B in response to the first read instruction RDO 
is moved to the 4K number of unit cells in response to the 
word line WLO of the first unit cell block BLO. 

in the other hand, during th data restoration in" 
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response to the first read instruction RDO, there is activated 
the word line WLO of the second unit cell block BLl selected 
in response to the second read instruction RD1 and the 4 Kb 
data in response to the activated word line WLO are sensed and 

5 amplified by the local bit line sense amplifier blocks. 2722A 
and 2722B included in the second unit cell block (BLl) 2720. 

Then, the 4 Kb data sensed and amplified in response to 
the second read instruction RD1 are moved to the first and the 
second global bit line sense amplifier blocks 27 05A and 2705B 

10 • throughout the global bit line 27 07 and thereby latched in 
there . 

One selected by the column address in response to the 
second read instruction RDl in the 4 Kb data latched in the 
first and the second global bit line sense amplifier blocks 
15 171 and 173 is outputted to the I/O sense amplifier block 180A. 
At this, the timing period when the actual data pi is 
outputted to the external circuit of the -memory device is the 
third timing period t2. 

Then, in the third timing period t3, the 4 Kb data 
20 latched in the first and the second global bit line sense 
amplifier blocks 2705A and 2705B in response to the second 
read instruction RDO is moved to the 4K number of the unit 
cells in response to the word line WLO of the second unit cell 
block (BLl) 152. 

25 Thus, in the inter cell block data access pattern, the 

memory device in accordance with the present embodiment senses 
and amplifies the data in one unit cell block for restoring_ 
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another data in the other unit cell block. 

in the inter cell block data access pattern, the data 
read time is reduced for the data restoration time by 
operating in the interleaving mode and thereby the memory 
5 device is executed on high speed. The row cycle time by the 
unit cell block interleaving shown, in Fig. 2 7 is called the 
timing set that the word line in response to the next 
instruction is activated after the word line is activated by 
inputting one instruction. 
10 m addition, the execution that the data are written by 

turns between the unit cell blocks is not described because it 
is same to the read execution except overwriting the input 
data in response to the write instruction on the data selected 
in response to the write instruction . in the 4 Kb data latched 
15 in the first and the second global bit line sense amplifier 
blocks 2705A and 2705B. 

Next, referring to Fig. 28, operation of the memory 
device is described in case of the intra cell block data 
access pattern. 

20 Assuming that the eight read instructions RDO to RD7 are 

inputted as shown in Fig. 28 , the contents, marked in each read 
instruction is the word line of the unit cell block where the 
data is read. There are assumed the predetermined word lines 
o£ the word lines in response to the eight read instructions 

25 RDO to RD7 in the second unit cell block (BL1) 2720. 

At first timing period to, the logical cell block address 
in response to the first inputted read instruction RDO is 
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converted to the physical cell block ' address , The oblique 
line parr of each timing period is the timing set when the 
logical cell block is converted to the physical cell block 
address. At this, it is assumed that the unit cell* block 

5 selected by the converted physical cell block address is same 
to that selected by the logical cell block address, 

The word line WLO of the first unit cell block BLO is 
activated by the physical cell block address converted in 
response to the first read instruction RDO . And then, the " 

10 data stored in the 4K number of the unit cells in response to 
the activated word line WLO is sensed and amplified by the 
local sense amplifier block included in the first unit cell 
block' BLO . 

Then, the 4 Kb data sensed and amplified by the local 
15 sense amplifier block is moved to the first and the second 
global bit line sense amplifier blocks 2705a' and 2705B and 
latched thereof throughout the global bit line 2707. One bit. 
data selected among the 4K bits the data latched in the first 
and the second global bit line sense amplifier blocks 2705A 
20 and 2705B by the column address' inputted in response to the 
first read instruction CDO is out'putted to • the I/O sense 
amplifier block 2680A. Herein, actually, the data DO is 
outputted to the external circuit of the memory device at the 
second timing period tl throughout the I/O sense amplifier 
25 block 2680A and the data input/output buffer 2690. 

Also,, the word line WLO of the second unit cell block BL1 
is sensed as the predetermined word line of the word line WLO 
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at the first timing period to. 

Then, the local bit line ' sens amplifier block and the 
bit line are forcedly precharged at the second timing period 
tl r and there are eliminated the 4 Kb data stored in the local 
5 bit line sense amplifier block of the first unit cell block 
BLO after sensed and amplified in response to the first read 
instruction. 

And then, the word line WLl of the first unit cell block 
BLO is activated by the address in response to the second read 
10 instruction RDl . The data stored in the 4 Kb unit cells in' 
response to the activated word line WLl are sensed and 
amplified by the local bit line sense amplifier block included 
in the first unit cell block BLO, 

in the other hand # the 4 Kb data latched in the first and 
15 the second global sense amplifier blocks 2705A and 2705b at 
this timing period tl r assuming that the 4K bits data stored 
by the first read instruction RDO , are moved to and stored in 
the 4 Kb unit cells in response to the word line WLO of the 
second unit cell block BLl assigned as the predetermined word 
20 line of the word line WLO. The data is moved throughout the 
• global bit line 27Q5B, and , the 'INTWO' shown in Fig. 2 8 
presents the foregoing process. 

Namely, while the 4 Kb data in response to the second 
' read instruction RDl is sensed and amplified in the first unit 
25 cell block BLO, the 4 Kb data latched in the first and the 
second global bit line sense amplifier blocks 2705a and 2705B 
in response to th first read instruction RDO are moved to the 
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local bit line sense amplifier block of the second unit cell 
block BLl , and the 4 Kb unit cells in response to the word ■ 
line WLO is restored. 

Also, now and then, the word line WLO of the second unit 
5 cell block BLl is the logical first unit cell block BI/O , and 
the word line WLO of the first unit cell block BLO is assigned 
to the predetermined word line of the word line WLO. . There, 
updates individually information about this in the 
predetermined cell block table 2710 and the tag block 2730, 
10 and the symbol 'EBTJJPi' shown in Fig. 26 describes this 
update operation • 

Then, the 4 Kb data sensed and amplified in response to 
the second read instruction RDl are moved to and latched in 
the first and the second global bit line sense amplifier 
15 blocks 2705A and 2705B, and the data Dl selected out of the 
latched data by column address in response to the second read 
instruction RDl is outputted to the I/O sense amplifier block 

2680A^ • 
And then, at the third timing period t2, the word line 

20 WL2 of the first unit cell block BLO in response to the third 
read instruction RD2 is activated, and the 4 Kb data in 
response to the activated word line WL2 moved to the first and 
the second global bit line sense amplifier block 2705a and 
270 5B and thereby latched after those are sensed and amplified. 

25 In the other hand, the restoration execution about the 

second read instruction RDl occurs in the 4K number of unit 
cells in response to the word line WL1 of the second unit cell 
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block BDl / and the ' INTWl ' shown in Fig. 2 8 presents this 
execution- At this time, there are updated the predetermined 
cell block table 2710 and the tag block 2 7 30, and the 
' ebt_up2 ' presents this updating execution. 
5 At the forth timing period t3, the restoration execution 

about the third read instruction RD2 occurs in the 4K number 
o£ unit cells in response- to the word line WLO of the second 
unit cell block BLl, and the i INTW2 9 shown in Fig. 26 presents* 
this execution. At this time, there are updated the 
10 predetermined cell block table 2710 and the tag block 2730 , 
and the 'EBT_OP3' presents this updating execution. 

In the other hand, ' the word line WL3 of the first unit 
cell block BL0 in response to the forth read instruction RD3 
is activated, and the 4 Kb data in response to activated word 
15 line WL3 is sensed and amplified. 

And then, at the fifth timing period ta, the restoration 
execution about the forth read instruction RD3 does not make 
the data move to the second unit cell block BLl having the 
predetermined word line of the word line WL3, but occurs in 
20 the 4K number of unit cells in respon.ee to the word line WL3 
of the first unit cell block BLO. 

There is a reason that the word line WLO in response to 
the fifth read instruction RD4 is immediately activated 
because execution about the fifth read instruction RD4 as a 
25 next instruction occurs in the second *unit cell block BLl and 
that about the forth read instruction as a prior instruction 
occurs in the first unit cell block BLO. Thus, it is 
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unnecessary to update the predetermined e 11 block table 2710 
because the predetermined word line of the word line WL3 is 
not changed at this time, and this is* presented by the 
updating signal 'EBT_UPN' . 

5 For continuous reference, if the fifth and the sixth read 

instructions RD4 and RD5 are inputted at each timing period t4 
and t5, like forgoing statement, the 4 Kb data in response to 
the read instruction is sensed and amplified at first timing, 
period, latched in the global bit line s^nee amplifier block, 

10 e.g., 2705A and 2705B, and then one data selected out of the 
4K bits latched data is outputted. Then, at second timing 
period, the predetermined word line o£ the activated word line 
makes the data move to the assigned unit cell block and the 
restoration execution is occurred, 

15 Referring Fig. 28, the .memory device is operated in the 

intra cell block data access. 

Though read instructions is actually operated during the 
dotted line part in each timing period, the data is moved and 
restored in the predetermined restore unit cell block, so. 

20 there are updated the predetermined oell block table 2710 and 
the tag table 2730 in this timing set. The updating signals 
J EBT_UP1' to 'EBT_UP5' present the update of the tag block 
2730, and the updating signals 'EBT_UPN1' to 'EBTJJPN5' 
present the not update of the predetermined tag table, 

25* In addition, the oblique line part, e.g., 'X r timing set, 

presents a timing set when there are forcedly precharged the 
data latched in the local bit line sense amplifier block of 
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the unit cell block in accordance with the prior instruction 
by reading continuously the data in the same unit cell block 
and converting the logical cell block address to the physical 
cell block address. 

5 in conclusion, when continuously reading in the same unit 

cell block, at first timing period, the memory device in 
accordance with the. present embodiment amplifies the data in 
response to the inputted read instruction and the data is 
moved to the global bit line sense amplifier block, e.g, 2705A 

10 and 27 05B and latched/ at second timing period, the data 
latched in the global bit line sense amplifier block is moved* 
to the unit cell block in which the predetermined word line' of 
the word line activated by the read instruction and thereby 
restored. 

15 Thus, in case that the data .are continuously accessed in 

the same unit cell block, the data can be accessed on high 
speed because the following read instruction is inputted 
without the data restoration execution. 

Referring to Fig. 29 , there is described the execution of 

20 continuously writing the data in one unit cell block. 

At first timing period tO, the logical cell block address 
inputted in response to the first write instruction WRO is 
converted to the physical cell block address and the word line 
WLO of the second unit cell block BLl is activated. 

25 Herein, though the cell block address inputted in 

response to the first write instruction WRO selects the word 
line WLO of the first logical unit cell block BLO, the actual 
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data in response to the first logical unit cell block BLO is 
stored in the unit cell in response to the word line wlO of 
the second physical unit cell block BL1 - In "instruction 
operating timing set" shown in Pig, 29, there are described 
5 information about the word line of the logical unit ceLl block 
inputted by converting execution of the cell block address 
inputted in response to the write instruction and the word 
line of the physical unit cell block selected after converting 
the cell block address. 

10 Then, the a Kb data in response to the activated word 

line WLO is sensed and .amplified, moved to the first and the 
second global bit line sense amplifier blocks 2705A and 2705B, 
and thereby latched. 

And then, there is eliminated one bit data selected among 

15 the 4 Kb data in response to the activated word line WLO by 
the column address inputted in response to the first write 
instruction WRO, and the data DO inputted from external 
Circuit in response to the write instruction WRO is .latched 
instead of the eliminated data, 

20 At second timing period tl, the 4 Kb data sensed and- 

amplified by the first write instruction WRO is restored in 
the 4K number of unit cells in response to the word line WLO 
of the second unit cell block BLO. Thus, the write execution 
is similar to the read execution except replacing the one of 

25 the latched data with the data inputted from external circuit 
after sensing, amplifying, and latching the data. 

In the other hand, at this timing period tl, the logical 
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cell block address is converted to the physical cell block 
address in response to the second write instruction WRl, and 
the word line WL1 of the third unit cell block BL2 is 
activated in accordance with the converted physical cell block 
5 address. tfhen, the 4 Kb data in response to the activated 
word line WL1 are sensed and amplified/ being latched in the 
first and the second global bit line sense amplifier blocks 
710 and 730. 

And then, there is eliminated one data selected by the 

10 column address inputted in response to the second write 
instruction WRl , and the data Dl inputted from the external 
circuit in response to the second write instruction WRl is 
latched instead of the eliminated data. 

At third timing period t2 , the 4 Kb data latched in the 

15 first and the second global bit line sense amplifier blocks 
2705A and 2705B in response to the second write instruction 
WRl are restored in the 4K number of the unit cells coupled to 
the word line WLl of the third unit cell block BL2. 

in the other hand, there is activated the word line WL2 

20 of the second unit cell block BL1 in response to the third 
write instruction WR2 . Then, the 4 Kb data in response to the 
activated word line WL2 are sensed and amplified, being 
latched, in the first and the second global bit line sense 
amplifier blocks 27 05A and 27 0-5B. 

25 And then, there is eliminated one data selected by the 1 

column address inputted in response to the third write 
instruction WR2 , and the data DO inputted from Ithe external 
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circuit in response to the third write instruction WR2 is 
latched instead of the eliminated data. 

At forth tinting period t3, the a Kb data latched in the 
first and the second global bit line sense amplifier blocks 
5 2705A and 2705B in response to the third write instruction WR2 
are not restored in the second unit* cell block BLl, but 
restored in 4K number of the unit cells in response to the 
word line WL2 of the first unit cell block BLO assigned as the 
predetermined word 1-ine of the word line WL2 ■ The 'INTWO' 

10 shown in Fig. 29 describes the forgoing process. 

At this time, the predetermined word line of the word 
line WL2 changes the word line WL2 of the first unit cell 
block BLO into the word line WL2 of the second unit cell block 
BL1, and information about this updates in the predetermined 

15 cell block table 2710. Also, the tag table 2730 is updated 
because of changing information about the logical cell block 
address, and this is described by the 'EBT_UP1'. 

After this time, the predetermined word line of the word 
line WL2 is the word line VTL2 of the second unit cell' block 

20 BLO. Also, the word line WL2 of the second unit cell block 
BL1 is the word line WL2 of the logical cell block address- 
'BLO' in the prior step, but the word line WL2 of the first 
unit cell block BLO is the word line WL2 of the logical cell 
block address 'BLO' past this time. 

25 After that, execution about the forth write instruction 

WR3 is same to that about the first write instruction V7R0 - 

Then, because the data must be continuously written in 
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the first unit; cell block BLO when there is executed the fifth 
and the sixth write instructions WR4 and WR5, like the 
forgoing execution, the 4 Kb data latched in response to the 
fifth write instruction WR4 at sixth timing period t5 are 

5 restored in the 4 Kb unit cells in response to the word line 
WLO of the second unit cell block BLl assigned as the 
predetermined word line of the word line WLO. The ' INTW1 ' 
shown in Fig. 29 describes this process. 

The dotted line part of the instruction activating timing 

10 set shown in Fig. 2 9 presents a timing set when the data in 
response to the prior instruction is moved to the unit cell 
block of which word line is assigned as the predetermined word 
line and restored in there , because the data in response to 
the next instruction is writteh in the same unit cell block. 

15 In conclusion, the memory device in accordance with the 

present embodiment uses the cell block interleaving method for 
writing the data when the data is written in each other unit 
cell block, and restores the data by moving it to the unit 
cell block of which word line is assigned as the predetermined 

20 word line when the data is continuously written in the same 
unit cell block. This is possible because the memory device 
has the 256 number of the predetermined word line by including 
one more the unit . cell block than the unit cell blocks in 
response to the inputted cell block address. 

25 Therefore, in the write ihode, the data can be written on 

high speed because the next write instruction is operated 
without depending on the data restoration time of the curr nt 
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data . 

In addition , it is possible to write the data on high 
speed because the data restoration time is always reduced 
without depending on the data writing patterns, whether the 
5 data are continuously written in the one unit cell block or in 
each, other unit cell block . 

Fig- 3 0 is a simulation waveform showing operation of the 
memory device in intra cell block data access of read mode. 

As shewn, the restoration operation about the read data 
10 is occurred in the unit cell block of which word line is 
assigned as the predetermined word line because the following" 
read instruction continuously reads the data in the same unit 
cell block when the read instructions RDO to RD2 and RD4 to 
RD5 is activated, and there are occurred total 5 times of data 
15 transmittance and restoration execution, e.g., 'INTW shown in 
rig. 30. Also, because the next instruction accesses other 
unit cell block when the read instructions RD3 , RD6, and RD7 

is executed, the data restoration operation, e.g., 'ACT' shown 

« 

in Pig. 30, is occurred in one selected unit cell block. 

20 Fig- 31 is a schematic circuit diagram describing a 

circuit for generating connection control signals used in th 
global bit line connection units, e.g., 2718, 2728, and" 
2758, shown in Fig. 26. 

As a circuit described in Pig. 2 9 is a circuit for 

25 controlling the global bit line connection units, e.g., 2718, 
a first NOR gate N0R1 receives signals PCG-ACT[2n] and PCG- 
ACT[2n+l] for sensing and amplifying the data in response to 
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• 1 

* 1 

the word line selected by the instruction, and a second NOR 
gate N0R2 receives signals INTW[2n] and INTW[2n+l] for moving 
and restoring the data when the same unit cell block is 
continuously accessed and outputs a global bit line control 
5 signal GBIS for controlling the global bit line connection 
unit* The 1, 2, 3 means delaying time delayed by each of 
delay blocks Delayl to Delay3. 

Fig, 32 is a timing diagram showing operation of the 
memory device in response to the signal generated from the 
10 circuit shown in Fig. 31. 

The oblique line part shown in Fig. 32 means a time when 
the logical cell block address is converted to the physical 
cell block address in each of timing periods. The delaying 
times 1, 2, and 3* shown in Fig. 32 is determined by the 
15 delay blocks Delay 1 to Delay 3 shown in Fig. 31. 

The 'LSA_Etf' shown in Fig. 32 is a enable signal of the 
local bit line sense amplifier, the 'GBIS' is a enable signal 
of the global bit line sense ■ amplifier , and "the 4 GSA_£N ' is a 
enable signal of the global sense amplifier block. 
20 in addition, ' ' is forcedly inactivated when the .second 

instruction next activated accesses the word line activated by 
the first instruction in the same unit cell block, and the 
' INTW • presents that the predetermined word line of the word 
line in response to the first instruction moves the data to 
25 the unit cell block' of which word line is assigned as the 
predetermined word line and thereby latches the data in there. 
In the m mory device of the present invention as shown in Fig. 
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32, it is understood that the converting time of the cell* 
block address and the forcedly precharging time occupy 4 0 
percent of total one timing period- 

Referring to the foregoing statement, for implementing 
5 the memory device in accordance with the present invention, 
the memory device must include one unit cell block per one 
cell area in the* segment, the predetermined cell block tattle, 
and the tag block, etc. in addition, because the global bit 
line sense amplifier and the global bit line are further 
10 included, there is more a additional area than the typical 
memory device 

However, the memory device of the present invention can 
be accessed more on high speed than the prior memory device 
because the execution time o£ the memory device is reduced for 

15 the data restoration time by' adding the above stated blocks 

Assuming that the row cycle time of the memory' device in 
accordance with the prior art is tRC, that in accordance with 
the present invention is MAX { 0 . 5 x ( tBAT , +tRF+tRC ) , t intw> • 
Namely, in ' 0 . 5 * ( tBAT , +tRP+tRC ) ' and 9 tlNTW , which one is 

20 longer time than the other determines the row cycle time of 
the memory device. 

Herein, the 'tBAT' is the converting ±ime of the cell 
block address, the 'tRP # is the precharging time, the 'tRC is' 
the privious. row cycle time, and the ' tlNTW ' is the 

25 restoration time by moving the internally latched data to the 
unit cell block of which word line is assigned as the 
predetermined word line. 
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Herein, for implementing a preferred embodiment, as the_ 
'tRP' is the forcedly precharge execution- occurred when every 
instruction is operated, for immediately accessing next data 
when the data are accessed in the Bame unit cell block, it 
5 means to sensing and amplifying the data at the prior timing, 
disabling the local bit line sense amplifier/ and precharging 
the local bit line. 

The row cycle time of the memory device in accordance 
with the present invention is determined by which one is 
10 longer time than the other determines the row cycle time of 
the memory device , and typical ly, it is determined to 
' 0 . 5* (tBAT,+tRF+tRC) ' because ' 0 . 5 * ( tBAT , +tRP+tRC ) ' is longer 
than 'tlNTW . 

If the row cycle time of the -memory device is 
15 ' 0 . 5x (tBAT, +tRF+tRC) ' , because reducing by the data 
restoration time even though further adding the forcedly 
precharging time and the time When the logical cell block 
address is converted to the physical cell block address, the 
row cycle time is reduced about 30 % to about 40 %, referring 
20 to comparing the row cycle time of the present invention shown 
in Figs. 2 8 and 2 9 with that of the conventional memory .device. 

For instance , if one instruction executes for 15n second, 
in the conventional memory device, the row cycle time is two 
timing period, namely 3 On second. However , in the present 
25 invention, assuming that the cell block converting time is 3n 
second and the forcedly precharging time is 3n, the row cycle 
time is 2 In second adding one 'timing period 15n second with 6n 
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second additional timing- 

In the other hand, the memory device in accordance with" 
the preferred embodiment moves the data if the unit cell block 
accessed by the next instruction is identical to that accessed 
5 by the previous instruction, and updates the tag if the data 
is moved. 

However, for implementing the memory device in accordance 
with the present invention, both activating the word' line of 
the unit cell block accessed at the present timing and moving 

10 to the unit cell block including the predetermined word line 
of the selected word line to restore can be occurred at 
simultaneous time in the memory device. in this case, the 
data is always stored in two unit cell blocks, the unit cell 
block storing the actual data iS determined by the tag table. 

15 In this case, if the data sensed and amplified in the unit 
cell block is latched in the global bit line sense amplifier 
block whenever the instruction is executed, the memory device 
is implemented for forcedly precharging the data latched in 
the local bit line sense amplifier block of the unit cell 

20 block. 

In addition , in the preferred embodiment, the memory 
device receives the data or outputs the data at latching time 
a'fter sensing and amplifying the data at first timing, but it 
is possible to implement the memory device for' receiving or* 
25 outputting the data in response to the instruction at the data 
restoration execution that is the second timing when the 
instruction is activated. 
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One of the above methods is properly selected according 
to design technique of the memory device, and the data is. 
accessed on high speed unrelated to the data restoration time 
using which above method the memory device is implemented by. 
5 it is possible for the memory device in accordance with 

the preferred embodiment to execute on high speed because of 
reducing the data access time, but adding to time tBAT 
converting the logical cell block address to the physical cell 
block address and forcedly precharging time tRP' which are not 
10 included in the prior memory device. 

For high speed execution in the present invention,- it is 
provided the memory device having row cycle time reducing for 
forcedly precharging time tRP and converting time tBAT of the. 
cell block address from the memory device shown in Fig. 26. 
15 Fig. 3 3 is a block diagram showing the memory device 

having a reduced row cycle time. 

As shown, the memory device of the present invention 
directly receives the instruction CD from • the control block 
3380, and generates the second instruction CD_D, delaying the 
20 instruction CD for forcedly precharging time tRP and 
converting time tBAT of the cell block address outputted from 
the delay block 3382. The control block 3380 converts the 
logical cell block address to the physical cell block address 
and operates forcedly precharging execution , and the delayed. 
25 instruction CDJD controls the cell area' 3320 for operating 
other executions needed in the data access process - 

Fig. 3 A is a block diagram describing the memory device 
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shown in Pig. 33 in detail . 

as shown, the memory device includes a cell area 
including N+l number of unit cell blocks adding n number of 
the unit cell blocks individually having M number of word 

5 lines for responding to an inputted row address and an 
additional unit cell block having M number of the word lines; 
a data access control block for controlling operation that 
data accessed in a first unit cell block selected in the N+l 
number of the unit cell blocks are restored either in the 
10 first unit cell block or in a second unit cell block; and an 
instruction control block for controlling operation that a 
cell block address in response to a second instruction being 
at an active next timing period is conversed and a bit line in 
response to a first instruction is forcedly precharged during 

15 accessing data in response to . the first present active 
instruction. 

The data access control block controls operation that not 
a first data is restored in a first unit cell block .but a 
second data is accessed in the first unit cell block and the 

20 first data is restored ■ in the firs unit cell block, when the 
first and the second data is continuously accessed in the 
first unit cell block. 

The data access control block controls operation that a 
second data is accessed in the second unit cell block at a 

25 timing period when a first data is restored in the first unit 
cell block when the first and second data are accessed in the 
first and the second unit cell blocks by turns. 
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Fig- 35 is a timing diagram depicting operation o£ the 
memory device shown in Fig. 34 in response to continuously 
inputted read instruction. Hereinafter, referring to Figs. 33. 
to 35, there is described operation of th# memory device. 

5 First, the memory device converts the logical cell block 

address in response to the first inputted read instruction RDO 
to the physical cell block address, and operates forcedly 
precharging operation. At this, if the unit cell block 
accessed in response to the prior instruction is same to that 

10 in response to the first read instruction RDO activated at the 
present, the precharging operation does not operates the 
restoration execution of the prior read instruction but 
operates forced precharging operation. However, like this, 
there is not occurred the actual forced precharging operation. 

15 in the first read execution of the memory ' device because there 
is not the previous instruction. 

Thus, when the memory device of the present invention 
operates the first instruction, there is latency, e.g., 'X' 
timing set in Fig. 35, for forced precharging time tRP and 

20 converting time tBAT of the cell block address. 

In the. other hand, the delay block 3382 in the 
. instruction timing control block 3450 generates the first 
delayed instruction RDOJD delayed for forced precharging time 
tRP and converting time tBAT of the cell block address. 

25 Then, at first timing period tO , the data access control, 

block 3380 is controlled for • activating the word line WLO of 
th first unit cell block BLO in response to the first delayed 
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instruction RDO_D outputted from the instruction control block 
3420. And the 4 Kb data in response to the activated word 
line WLO are sensed and amplified by the local bit line sense 
amplifier. 

5 Then, the 4K bits sensed and amplified data are moved to 

and latched in the data latch block 347 0- One data DO 
selected out of the 4K bits sensed and amplified data by the 
column address inputted in response to the first read 
instruction CDO is outputted to the I/O sense amplifier block, 

10 referring to 2600 of Fig. 26. Herein, like a foregoing 
statement, the output data DO is outputted to the external 
circuit of the memory device throughout the input /output 
buffer, and so on. 

in the other hand, at first timing to, the instruction 

15 control block 3420 receives the second read instruction RDl 
and converts the logical cell block address in response to the 
second read instruction to the physical cell block address. 
Then, the instruction control block 3420 compares the first 
read instruction RD0 with the unit cell block having the data 

20 accessed by the second read instruction RDl • At this, because 
the data is read in the same unit cell block by the first and 
the second read instruction RD0 and RDl, there are forcedly 
pr4charged the 4 Kb data latched in the local bit line sense 
amplifier block of the first unit cell block BL0 .after sensed 

25 and .amplified in response to the first read instruction RD0, 
e.g., 'Y' timing set of Fig. 35. 

In addition, at 'Y' timing set,, the instruction timing 
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control block 3450 generates the second delayed instruction 
P.D1 D delaying .the second read instruction RD1 for 'forced 
precharging time tRP and converting time tBAT of the cell 
block address. 

5 Than, at second timing period tl, the word line wl! of 

the first unit cell block BLO . is activated in response to the 
second delayed read instruction RD1_D. And the 4 Kb data in 
response to the activated word line WLl is sensed and 
amplified by the local ,bit line sense amplifier, moved to the 
10 data latch block 3470. Then, one data Dl selected out of the 
4 .Kb data latched in the data latch block 450 by the column 
address inputted in response to the second read instruction 
RD1 is outpurced to the i/o sense amplifier. 

In the other hand, at this ' timing period tl, there is 
15 activated the word line WLO of the second ujiit cell block bli,- 
which is assigned ae the predetermined word line of the word 
line WLO activated in response to the first read instruction, 
and the data latched in the data latch block 3470 are moved to 
the 4K number of the unit cells in response to word line WLO 
20 of the second unit cell block BL1 and thereby latched in- The 
'INTWO' describes this execution. 

Then, at second timing period tl, the third read 
instruction RD2 is inputted to the instruction control block 
342Q, and the logical cell block address in response to the 
25 third read instruction is converted to the physical cell block 
address- And, the instruction timing control block 3450. 
compares the second read instruction RD1 with the unit cell 
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block having the data accessed by the third read instruction 
RD2 . At this, because the data is read in the same unit cell 
block by the second and the third read instruction RD1 and RD2 , 
there are forcedly precharged the 4 Kb data latched in the 
5 local bit line sense amplifier block of the first unit cell 
block BLO after sensed and amplified in response to the second 
read instruction RD1 , e.g., '3' timing set of Fig. 35. 

In addition, at 'Z' timing set, the instruction timing 
control block 3450 generates the third delayed instruction 
10 RD2_D delaying the third read instruction RD2 for forced 
precharging time tRP and converting time tBAT of the cell 
block address. 

At third timing period t2 f the word line wl2 of the first 
unit cell block BLO is activated by the third delayed read 
15 instruction RD2_D delayed for forced precharging time tRP and 
converting time tBAT of the cell block address from the delay 
block 440. 

And the 4 Kb data in response to the activated word line 
WL2 is sensed and amplified- by the local bit line sense 
20 amplifier, moved to the data latch block 3470. Then, one data 
D2 selected out of the 4 Kb data latched in the data latch 
block 347 0 by the column address inputted in response to the 
third read instruction RD2 'is outputted to the I/O sense 
amplifier. 

25 In the other hand, at this timing period t2 , there ie 

activated the word line WI*1 of the second unit cell block BL1, 
which is assigned as the predetermined word line of the word 
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line WL1 activated in response to the second read instruction 
RD1, and the data latched in the data latch block 3470 are 
moved to the 4K number of the unit cells in response to word 
line WL1 of the second unit cell block BI>1 and thereby latched 
5 in- The ' INTWl 1 describes this execution. 

* Operation of the memory device shown in Pig. 34 like 
foregoing statement is similar to that shown in Fig. 26 , but 
there are differences that the memory device uses the inputted 
read instruction for converting the cell block address and, 
10 for execution related to activating word line, sensing and 
amplifying the data in the unit cell, restoring it, and so on, 
executing forced precharging execution and thereby the delayed 
read instruction rdjd delayed for forced precharging time tRP 
and converting time tBAT of the cell block address, 
15 in this way, at initial operation of the memory device, . 

the row cycle time hafe the latency, e.g., 'X' of Fig. 35, of- 
forced precharging time tRP and converting time tBAT of the 
cell block address in response to the first activated road 
instruction, however it reduces for forced precharging time 
20 tRP and converting time tBAT of the cell block address since 
the second read instruction is activated. 

There is a reason that the row cycle time is not affected 
because executions in response to the following read 
instruction, both forced precharging and conversion of the 
25 ' cell block address, are occurred when the data is sensed and 
amplified in response to the prior read instruction. 

in above d scription, th re is described the* read- 
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operation o£ the memory device shown in Pig- 3A r and the 
explanation about the write operation is omitted because tne 
write operation is similar to the read operation. Namely, at 
the write execution, instead of outputting the data selected 
5 out of the data latched in the data latch block 3470 , it is 
different for the memory device to overwrite the data inputted 
from the external circuit to the data selected out of the data 
latched in the data latch block 3470- 

Fig. 3 6 is a timing diagram showing operation of the 
10 memory device shown in Fig, 34, comparing with operation of 
the memory device shown in Pig. 18/ for easily understanding 
operation of the memory device in accordance with the present 
invention. 

as shown , the first instruction CDO operates to convert 
15 the cell block address and to forcedly precharge at ao timing 
set, and the first delayed instruction CD0_D delaying the 
first instruction CDO for 'tRP + tBAT' pperates to activate 
word line and to sense/amplify the data in response to the 
activated word line at bo timing set. And the second 
20 instruction CD1 operating next timing is inputted to convert 
the cell block address at al timing set of b 0 period, then 
there is occurred the forced precharging execution in response 
to the first instruction. • At bi timing set, the second 
delayed instruction CD1_D delaying the first instruction CDO 
25 for 'tRP + tBAT' operates to activate word line and to 
sense/amplify the data in response to the activated word lin 
at b 0 timing set, 

-81- 



27. OCT. 2003 19=39 



NO. 962 P.l 



Thus, the row cycle time of the memory device shown in 
Fig- 34 ie decided into MAX{0 . 5*tRC , tINTW> . At this time, 
'tRC is the prior row cycle time b 0 +bi, and ' tiNTW ' is a time 
for activating the predetermined word line of the word line in 
5 response to the operating instruction, moving the data to the 
unit cell block of which word line is assigned as' 
predetermined word line from the data latch block and thereby 
restoring. 

The row cycle time MAX{0 . 5*tRC , tiNTW) of the % memory 
10 device shown in Fig. 34 eliminates 4 tBAT ' for converting the 
cell block address and ' tRF ' for precharging forcedly from the 
row cycle time MAX{0.5*(tRC, +tRP+tRC) ,tINTW}of the memory 
device described in foregoing statement. 

Because 'tiNTW' is typically longer than 'tRP', the row 
15 cycle time is substantially 0-5 * tRC, so it is possible for 
the memory device shown in Pig. 34 to reduce the row cycle 
time for maximum a half vis-ci-vis the row cycle time of the - 
memory device in accordance with the prior art. Namely, as 
shown in Fig. 36, the row cycle time of the memory device in 
20 accordance with the prior art is bo+bi, but that in accordance 
with the present invention is bo. 

In the present invention, the memory device for accessing 
the data on" high speed is implemented, free to the data 
restoration time that certainly occupies large part of the 
25 - data access time in the memory device using the capacitor as 
the memory unit element. 

In addition, there is provided the method and the 
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apparatus of the memory device for high speed data access 
unrelated to a data access pattern that the data are either 
continuously accessed in one cell block or accessed by turns 
in each of cell blocks. Thus, in the system including the 

5 memory device of the present invention as main memory device, 
total speed of the system is dramatically improved unrelated 
to the data access pattern. 

While the present invention has been described with 
respect to the particular embodiments r it will be apparent to 

10 those skilled in the art that various changes and 
modifications may be made without departing from the spirit 
and scope of the invention as defined in the following claims. 
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